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Abstract

The relationship between direct operaﬁing cos£ and departure
noise annoyance was developed for.commercial tilt rotor air-
craft. This was accomplished by generating a series of tilt
rotor aircraft designs to meet various noise goals at minimum
DOC., These vehicles were spaced across the spectrum'of posSible
noise levels from completely unconstréined‘to the quietest veh-
icle that coﬁld be designed withiﬁ the study ground rules. A
group of optimization parameters were varied to fihdlthe minimum
DOC while other inputs were_held constant and soﬁerexﬁernal
constraints weré_mét.' This basic vatiation was then extended
ta diffefent aircraft sizes and technology time frames. . It
was concluded tﬁat reducing noise annoyance by designing for
lower rotor tip.speeds is a.very promising avenue for futufe
research and develoPment. It appears that the cost of halv-

ing the annoyance compared to an unconstrained design is

insignificant and the cost of halving the annoyance again is

small.



Acknowledgeﬁents

The author‘wishes to thank Mr., J. Rabbott éﬁd Mr. J.‘
McCloud of NASA Ames for their general guidance and tech-
nical suggestions., He also wishes to thank Mr., W, Swan of the.
Flight Transportation Laboratory for writing and debugging 2
‘the noise evaluation portion of the computer program, and Mr. M.’
Sculiy and Professor N. Ham of the VTOL Teéhnoloqf Laboratory.
at MIT for their numerous helpful suggestions in regard to the
design portion of the computer program..

This work was performed under Contract NAS2-7620, DSR
No. 81085, from the NASA Ames Research Center, Moffet-Fiéld,

California.



Table of Contenté

";ntroduction
Design Procedure

2.1 Program Description

2.2 Calibration

Noise Evaluation Procedure .
3.1 Departure Path

3.2 Noise Prediction

3.3 Annoyance Prediction
Study Method and Ground Rules
4.1 Variations o
4.2 Constraints

4.3 Constants

Results and Discussion
Conclusions

References

Appendix 1: Computer Outpﬁt for All Designs

Appendix 2: Departure Noise Maps for Basic

Variation Aifcraft_

11
11
17.
23
26
26
30
31
34
.47
48
1-1

2-1



1;0 Introduction

The tilt rotor VIOL aircraft configuration is a serious
conteﬁder for a significant role in intercity,pubiic transporta-
tion ih the future, particularly in densely populated regions;
Like oﬁher rdtary wing aircraft tfpes, the tilt rotor is in-~
herently reiatively guiet due to its low disc loa&ing and low
flow velocities in and around the prOpulSlOn device. - How&ﬁer,-
commercial rotary wing aircraft may have to be quleter ln the .
futurg to achieve community acceptance. This is part;cularly
true in the case of intercity service which would involve large
vehicles aﬁd high frequency of operations at.some‘terminals._.
Because of the small size of thé vertiport, the'airéraﬁt opéra—‘
“tions are closer to the surrounding non-user éopulation.
Furthermore, it may be necessary fo: economic reasons to locate
terminals in areas having a relatively low backgtound noise
level, such as residential areas.

In order to assess the potential of tilt rotor aircraft as
a viable part of tine intercity transportation system, it is.
necessary to know what degree of noise reduction can reasonably
be expected ln the future. In other words, the relatlonsnlp
between noise reduction and cost ingreases must be known.

There are tWo methods of reducing the noise exposure due £b
aircraft operations, changés in flight prdfile and changes in
-des1gn. The aircraft trajectory can.be moved further fromlﬁhe

listeners, the amount of noise generated can be reduced by



reducing thrust, or the speed can be increased in order to reduce
noise exposufe. This method of noise reduction ig explored -
for VIOL aircraft in references 1 and 2, This method does not
generally have a significant impact on direct operating cost
(DOC). The second method is to change the design of the airv_
craft to reduce the noige generated at a given distance, thrust
level, an&‘speed. This is the method considered here,
Design changes for noise reduction in tilt rotor aircraft
are discussed in Ref. 3 in considerable depth. Design changes in a
12,000 1b gross weightaircraft were considered there, both from
the military point of view (to reduce aural detectability) and
the commercial point of view (to reduce noise annoyance). It
was found that reduction of the rotor tip speed used in the
helicopter mode and conversion is the most effsctive means of
reducing noise annoyance. Other design changes which were con-
sidered include variations in number of blades, bklade tip shapé,
blade planform, blade airfoil section, blade twist, and blade
spacing. It was found that dramatic noise reductions cannot
be accomplished with these changes. It appears that they would
also not generally result in a dramatic change in DOC. Therefore
these types of changes were neglected in the work reported here.
The object of this study was to develop the relationship
between direct‘dperating cost and departure noise annoyance for
tilt rotor aircréft. This was accomplished by generating a

series of tilt rotor aircraft designs to meet various noise



goals at minimum DOC. These vehicles were spaced across the
spectrum of possible noise levels fr0m compietely unconstrained
to the guietest vehicle that could be designed within the study‘
groﬁnd fules. A group of optimization parameters were varied
to find the minimum DOC, while other inputs were held constant
and some external constraints were mét, This bésic variation

. was then extended to different aircraft sizes and technology
time frames. This study is analagous £o the one conducted |
previously by the Flight Transportation Laborétory'for heliqopt—-.
ers (Rsf. 4). However, unlike the helicopter work, this study
used a single measure for evaluating total community annoyance':

due to a departure operation,



2.0 Design Procedure

In ﬁhis study a large numober of tilt rotor aircraft designs
were created with the aid of a preliminary désign computer
program (Ref, 53). The purpose of this preliminary design program
is to rapidly obtain. parametric variations of the design for a
set of particular requirements. -The program does not internally—
optimize the design; this is done by the user. The program
takes as input a set of design parameters sufficient to fix the
design. It then performs the normal ?reliminary design cal-
culations to obtain both the other design parameters of interest
an various figures of merit. Figures of merjit include per-
formance parameters such as speed and payload-range, direct
operating cost, and noise annoyance. The noise annoyance portion

is the subject of section 3.

2.1 Program Description

A flow chart of the preliminary design computer program is
shown in Fig. 1. The program begins by reading input data.
Various parameters which are independent of gross weight are
then calculated: atmospheric properties, fuselage profile
drag and constant weights,

Then the program goes into a design procedure which is
an iteration on gross weight. 1Initially a gross weight is
estimated from the constant weights; on succeeding iterations a
new gross weight is found from those of the preceding two

iterations.



Fig. 1 Computer program flow chart
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Fig. 1 Computer program flow chart (cont'd)
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Next the rotors and Wing are sized. Thé rotor radius
is found from the input disc loading. 'The win§ span is based
on rotor-fuselage clearance. The wing loading is input and
_the area and éspect ratio ére calculated. The hover thrust
coefficieht is found, using the input tip speed énd corrected
for wing download.. Then the rbﬁor solidity is found using ﬁhe
input thrust coefficient to solidity ratio (Cp/0) -

The cruise lift to drag ratio is found from. the wing and
'fuselage geometry.‘ Then the cruiée‘propulsive efficiency of
the rotofs is calculated according to an empifical formuiér |
from the cruise forward Mach number} the cruise tip Mach hum-
ber, and the rotor sélidity.

Next the airplane mode best réte of climb speed is
calculated. Then the conversion speed and airplane.mode'wing
lift coefficient are calculatedréorresponding to the ipput
helicopter mode maximum advance ratio. This lift coefficient
and the raﬁio of the airplane mode best rate of climb speed
to the conversion'speed are output to evaluate conversion perform-
ance. |

Thenthe powerplant is sized to the maximum of the re-
quirements for emergency hovér; conversion and cruise, The.
emergenéy hover;requirement is for one enginé out hover on
a hot day at an input altitude. The conversion requirement
is established by an input conversion power factor (labelled
"Excess Factor Hei Mdde" in the output) which is the ratio

"of conversion power desired to normal hover power. Power



is correctedrfor temperature, altitﬁde, forward speed and
r.p.m. lIﬁ is assumed tha£ the engines operate at rated r.p.m.
in hover and a  penalty ié accepted for any reductién in
r.p.m, in'the airplane mode, This completes the selection of
design parameters. | |

‘The éiréraft is then flown through the'dESign mission
to find the fuel consumed. The assumed mission profile
consisﬁs of ten phasges:takeoff, acceleration and convérsion
to the éirplane mode, airplane mode climb, acceleration to
cruise speed, cruise, airplane mbde descent, deceleration and
conversion to helicopter mode, hover, landing, and reserve.
The portion which is independent of cruise altitude is done
separately,so that it will not be repeated in the stage length
variation later. The fuél burn rate is corrected in each phase
for power setting, r.p.m;, forward speed and altitude. Optional
provision is made for the ailrcraft to obey the FAA speed limit |
of 250 kt. IAS below 10,000 feet. If the aircraft has more
installed power than that reguired for cruise at design cruise
speed, and if the drive system and rotor limits permit, then
the aircraft is allowed to cruise faster, up to these limits.
Cruise fqel is calculated according to the Breguet method.

Then the ﬁomponent weights are calculated. Both the
rotor and drive system weights are taken to be the highest
resulting frbmlhelicopter mode and airplane mode design re-
quirements considered separately. If the rotor hover coning

angle exceeds 8.5° weight is added to approximate tip weight



and blade weight necessary to reduce Qoning to tiis amount.
Here it is assumed that the rotor is of the gimballed type
~having a first flatwiseh@ndingnmde frequency of 2 per rev,
The wing weilght is independent of flap area, but is adjﬁsted'
for the lift coefficient required in conversion,
Now the cdmponent weights and fuel weights are summed ,
-which results in a new gross weighﬁ. If the differencé between -
the new and.old grbss weights is greater than ten poﬁndS. the
A design proéedure-goes throﬁgh another cycle. When the itera-

tion is complete, the parameters describing the final_design

' are printed.

The venicle is then flown tihrough varioué input stage

- lengths which are iess than the desiygn range, with.appropriate“‘
“input cruise éltitudes. The time, distance and fuel for-eaéh
stage is calﬁulated and printed. Then the brogram calculates
the direct'operating cost (DOC) for each stage length; by
category, and prints tiis out. The DOC is calculated according

to the Lockheed/New York Airways formula. (Ref. 6).

2.2 Calikration

In order to calibrate the computer program, the program was
used‘boprﬁduce.approximations of two existing til£ rétor designs.
These were the Bell D302 (Ref. f) of 44,100 lb ¢ross weight and
the Vertol 215 .(Ref. 8) of 67,000 1lb gross weight. These

designs were picked because they represent the experience of
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two different firms and they are near the middle of the size
range of interest. Both were configufed as transport aircraft.
However they were designed to meet military requirements which
compromised their effectiveness as commercial aircraft. By
making allowances for the military requirements in the inputs
~to the computer program, good aéreement with the original
designs was obtained. BRoth of these designs are intended to
represent approximately 1975.technology, and therefore the
values of the technology factors which gave the best agreement

in the calibration were considered to be 1975 values.



-11-

3.0 Noise Evaluation Procedure

The arrival, or descent and landing, operation of a tilt
rotor aircraft may generate slightly greater community
annoyance than the departure, oOr takeoff and climbout, ope;ation.
There are two aspects of thé déscent and landing operation that
account for the assymmetry between the two. First, there may be
more blade/wake interaction in the helicopter mode descent than
in climb, depending on thé exact trajéctory‘ Second, the desceﬁt.
must be constrained to avoid the vortex_ring state and inability:
to control the descent. Thus the annoyance produced by the
descent and landing is more dependent on operational considera-
tions tnan on design paramesters. The annoyance produced by thé
takeoff and climbout, on the other hand, 1is strongly dependent éﬁ

operational considerations than on design parameters. Many of the

design changes which reduce departure noise will also reduce
arrival noise., For these reasons, departure annoyance was con-
sidered more appropriate for this study of noise reduction

through design changes.
3.1 Departure Path
After the direct operating cost portion of the computer program,'

the departure trajectory to 10,000 feet altitude is calculated in

detail. The result is a time history of the distance, altitude,
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fligint path angle, thrust and rotor tilt angle relative to the
flight patn. This history then is input to the noise annoyance
calculation,

The departure path is shown schematically in Fiqufe 2,
Throughout this path acceleration is constrained by power
available. There are three other constraints for passenger
comfort. The acceleration buiids up -smoothly over
a specified time to its allowable input maximum, which is used
for all phases of flight. 'Tﬁe rate of rotation of the accelera-
tion vector after ckstacle clearance is specified. Finally,
the maximum fuselage pitch angle is gpecified.

To determing the departure path prior to the airplane mode
¢limb, the program considers steps in velocity, of input size,
and calculates the acceleration magnitude according to the
routine shown in Figure 3. fThe rotor tilt angle is first
found from tlie balance of forces perpendicular to the accelera-
tion vector and the power limited acceleration magnitude is
found from the force balance parallel to the acceleration vector.
If the power limited acceleration is larger than the allowable

acceleration, thé force balances are set up again and solved

for the thrust and a new tilt angle. The the time, distance,
altitude, and flight path angle are found from the acceleration
and velocity. The forces and angular relationships are shown

in Figure 4. The nomenclature is given in Table 1. -

A simple model is used to predict the performance of the
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Table 1 . Conversion Nomenclature = . 0. ...
Symbol Compgzgleutputl o : Description .. .

v VEL Freestreem Velocity, ft/sec

Vind ‘ not’ shown Induced Velocity of Rotors, ft/seé

TIRUST THRUST Total Rotor Thrust, 1b.

HFQRCE not shown Fotal Rotor In-Plane Force, lb.

ngo LWGO Lift of Wing Portion not Influenced

. by Rotor Flow, 1b.

Liwgi LWGI Lift of Wing Portion Influenced by

Rotor Flow, 1bL.
' Duwgo DWGO Drag of Wing Portion not Influgnced

by Rotor Flow, 1b.

Dygi DWGI prag of Wing Portion Influenced by

: Rotor Flow, lb.

Dy - DFUST - Drag of Fuselage and Tail, 1h.

Y GAM Flight Path Angle, deg.

oy ' ALP Angle between Rotor Mast and Freestream
Velocity, deg.

8 THE Angle between Wing Zero Lift Line
and Horizontal, deg.

Uigo AWQ Angle of Attack of Wing Portion not
Influenced by Rotor Flow, deq.

o ALV Wing Angle of Attack Change Induced

by Rotors, deg.

—
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rotor and wing through the complete range of rotor tilt angles.
AElementéry helicopter blade element and moméntum theofy formulae
are used £o‘find the rotor thrust, since the advance and inflow
.ratios are not large. To predict the wing forces, it is assumed
that the flow through the rotor is fully developed when it
reaches the_wing.“Hence ﬁhe portion of the wing that is influenéed
by.the rotor is that portion which is overlapped by'the inner
"half of the disc area. On this portion 6f the wing the total
slipstream velocity is assumed to be the vector sum of the free-
stream.velocity‘and‘the fu;ly deVeloped induced velqcity‘of the‘
fétor; The‘optimum flap deflection cannot be conveniently found,
-Te} it is assumed to be equél to the flight path angle. The air-
‘éréft is aésumed to be pitched up to the input maximum, or until
.the angle of attack of the rotor-influenced portion of the wing
is 3° less than stall, whichever is Iess,'until'the aircfaft
.reaches the speed where the wing lift is équal td-the grQSs weight.
Conventional fixed wing methods are used to calculate.
performance at the beginning of the airplane mode climb and

at 10,000 ft.'altitude.
3.2 Hoise Prediction
Noise nomenclature is given in Tahle 2. There are thrge

significant sources of noise in the tilt rotor vehicle: the -

engines, the drive system and the rotors. The noise from the
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Table 2 Noise Nomenclature

Symbol Description

o rotor blade angle of attack, deg.

p air density, slugs/ft3

¢ angle between rotor axis and a line joining the rotor
hub and a ground noise measuring point

Ab rotor blade area, ft2

o rotor blade chord, ft.

da slant distance from aircraft to noise measuring
polnt, ft.

DIR vortex noise directivity correction, db..

DT time‘increment in noise calqulations, sec,

fpeak vortex neoise peak frequency, Hz

FENGI engine installation weight factor

GAMOCD obstacle clearance angle, deg.

HOC obstacle clearance height, ft.

Lp overall sound pressure level, db,

LbN- perceived noise level, d&k.

Lo oy effective percéived noise level, ¢db,

RA relative noise annoyance

SEL ~effective perceived noise level at 500 ft. sideline, db,

t rotor blade thickness, ft.

T thrust

v rotor tip speed, ft/sec.

tip
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englnes can generally be reduced to less than that from the
rotors in a quite etralghtforward manner, as dlscussed in Ref. 3.
The welght penalty for quletlng the englne and drive system |
below the rotor noise leVel is accounted for by increaemng the
engine 1nsta11at10n weight factor (FENGI) if the 500 ft. side—
llne noise livel (SEL) is below 95 EPNdb In the absenge cf
adecuete emplrlcal data, the author s englneerlng judgement
‘ was used to obtain the followlng relationship: The engine 4
insfallatien factor was kept at 1.50 at 95 EPNdb and was assunmed
to be 1.60 at 87 EPNAb and 2.00 at 80 EPNdb. A'paraboiideurQe
was fitted between these:points;‘ -
Rotor noise is predlcted uslng hellcopter methods beeauee
only low dlsc loadlng and forward speeds are conSLdered. Helie
copter rotor noise is usually classified into three categorles-
blade slap or 1mpulsmve noise, rotational or disc¢reet frequency
noise, and vortex or broadband noise. The understandingﬁof
the nechenisms,of'rotor noise is rapidiy evolving and this
classification hae‘been quesnioned. However, it remains the
most useful one for the moment. | | :
Blade slap is by far thermost offensive of these typee of
noise when' it occurs. (Ref, 12) It can occur in hiqh-speedf'
helicopter fiight due to compressibiiity phenomena in the
vicinity of the advencing tip, (most frequently on two. bladed

rotors) or it can occur at low speed due to interaction
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between a blade and_the tip vortex of another blade. The former
mode should not be a problem in commercial operation of tilt
rotor aircraft because there should be no need to operate ét
high .speed in the helicopter mode. Since there is no rotor
overlap in the t%lt rotor the latte; mode should be limited to
descent conditions where the wake does not leave the fbtor diéc
rapidly. This‘noise generation mechanism is not strongly dependent
on design‘paraméters,‘but more on operational considerations.,
Because it is not likely to occur in the‘depafturelqperatioﬁ, it
is ngglectg@iin this study. |
Rotational noise will result because the pressure fie;d
around a rotor or propeller blade will change periodically
relative to a staﬁiopary observer. The fundanental frequency
is the blade passage frequency, which is very loﬁ (Less than
20Hz.) for most rotary wing aircraft. The rotationai noise Spec-
trum consists. of a series of discrete %tones, starting at the
fundamental and decreasing in amplitude as frequency increases.
Since precise prediction of higher harmonic airloading is
generally not possible, a partly empirical prediction method must
be used. Unfortunately the body of experimental data is very
small, and hence the process of deriving a prediction method is
not unigue. Neveftheless, there is a commonly accepted prediction
method (Ref. 9). Using this method for typical rotary wing air-
craft, it 1s found that rotational noise is significant compared
to vortex noise only at high advancing‘tip Mach numbers in the

helicopter mode or if the noise is calculated at large distances
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frqm the vehicle. The former condition is not likely to apply

to the tilt rotor aircraft in commercial operation. In thelatter

case the overall noise level has dfopped bélow the background level

assumed in this study. For these reasons rotational néise is neglected.
Vortex noise arises from two sources: random éirloads on

the bléaes and turbuient flow in the blade wakes. fhe vortex-

noise spectrum consists of a continuous broad hump with a peak

qeﬁerally in the range of 200~600 Hz. A reasonably reliable

method for predicting vortex noise has been developed (Ref. 10

and 1l)., oOverall sound.pressure level (SPL) at 300 feet is‘given

by the following formula:

7.62 x 1010

L = 10 loglO ' >

P :
P Ab'

22
f (Vtip)

The complete spectrum is'predicted from the figure develdped
empirically bf_Schlegel fof‘an unstalled rotor bladg‘{Ref. 10.) .
It is then necessary to correct for the sensitivity of ﬁhe
human aural system; this is normaliy done by conversion to
Perceived Noise Level (PNL}. It is recognized that none of tae
currently accepted corrections take adequate account of the
annoying nature of very low frequency sounés or amplitude modula-
tiﬁn typical of helicopter noise spectra. Improvement in these
corrections must await new subjective testing. Foliowing unpub—
lished work by Anthony Hays at the M.I.T. Flight Ttansportation Lab,
'.the spectral distribution in SPL and the corresponding weighed
and combined PNL measures were caiculated for the range of base

frequencies of 100-400 Hz. over distances from 100 to 20,000 ft.
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I+ was found that the combined effect of the conversion from
SPL to PNL and the losses and changes in emphasis due to
atmospheric absorption could be approximated within a decibel

by the formula

LPN = LP + 3.0 - 0.000375,d

This held good for SPL ranges from 120 - 80 db, and was
conservative in the 80-70dk range. The formula was valid only
for distances greater than 2000 ft. within 2000 ft. a correc-

tion which depended upon the peak frequency was necessary.

Low = LP + 3.0 « 0.000375xG + 0.0264 fpeak (1- 4/2000)

The peak frecuency is tie Strouhal frequency given by the
following approximation for o = 6°

_0.28(v YD)

fpeak = "tI&osa ¥ ¢ Bina Vtip/c

Distance attenuation is simply the dilution of sound energy

from the source increases. Thus, if the standard distance is
300 ft., the energy levels at other distances are reduced by the
ratio of the squares of the distances, or 6 decibels per doubling
of distance.

There is in additon an adjustment to the local perceived
noise level due to different viewing angles from the rotor shaft.

Reference 9 gives the formula for the adjustment in decibels,

cosz¢ + 0.1 1

DIR = 1010
glo[c05270° + 0.1
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The conversion from perceived noise level (LPN) to effective

perceived noise level (LEPN} involves converting the Lp, measure

to energy units, multiplying by the duration, and dividing by

the standard time, 10 seconds., Thus

10(Lgp) = 2o (10 Tpn/10) % pr/10)
all DT _

3.3 Anngyance Prediction

The annoyance measure is based on the work of Ref. 13. The
nLoise annoyance routine calculates Effectiﬁe Perceived Woise
Level at a lérge number of points on a grid representing the
area on one side of the flight path. <The noise pattern is
gymmetrical. The EPWL at each point is then Cbnvertéd to-persondl-

annoyance units,

(L ~ cutcff)/33.2

P
Annoyance = 10 ZFN

Because this measure is asymptotic to zero the cutoff néise
level must be above the background noise level.. Here this
difference is assumed to be 10 LEPNAB which is consistent with
the normal fluctuation of the baclground levél. The annovyance
value is one at the cutoff and zero below. The land use pattern
and cutoff levels used in this study are shown in Figure 5.

The personal anncyance is then integrated ovér the population
surrounding the airport. ©Since the population density is assumed
constant it does not a?pear explicitiy. The annoyancé value at
each point is multiplied by the surrounding land area_and the

results are summed to obtain the total community annoyance from
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a singie departure.
Unlike other measurés, this community annoyance measure
obeys the following simple rules:
l)'A sound 10 EPNdk- louder is twice as annoying.
2) ‘A noise quieter than the background noise level produces
no annoyance, |
3) The total annoyance resplting from two people listening
to a noise is twice the annovance of one person listening

' to the same noise.
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4.0 Study Method and Ground Rules

4.1 variations

The basic variation consisted of five aircraft designs of
1980 time frame having 50 seats. These vehicles were spaced
asross the spectrum of possible noise levels, from compleﬁely
unconstrained to the gquietest vehicle that could be designed
within the study ground rules. The noise goals that were used
for design optimization were in terms of Effective Perceived
HWolse Level at 500 feet side line, while the total noise
annoyance was used for comparing optimum designs. The tilt
rotor designs generated in this study are desiynated by codes
consisting of a letter mnemonic indicating the noise class, .a
number indicating the time frame and a number indicating the size
in terms of passenger seats. The basic variation aircraft and
their noise goéls are shown in Table 3. The parameters that
were varied to find the minimum DOC aircraft for each noise goal
are shown in Table 4, along with the approximate range over which
they were varied. The final optimal wvalues of these parameters
are given in Table 10, section 5.

In the size variation the basic variation was repeated for
sizes of 20, 80 and 110 seats. The gross weight did not converge
for 5-80-110, as discussed in Section 5, so it is not included
fniere, In the time frame variation the bkasic variation was repeated
for time frames of 1975 and 1985. In this study, the time

frame is intended to be the year of initial prototype flight
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-Table 3 Basic,Variation Noise Goals = —
— ' Noise Goal
Designation Mnemonic _ ~ EPNdb @ 500ft sideline
C~80-50 | Cheap ' Unconstrained
M~-80-50 : Medium 95 |

 Q-80-50 Quiet | 90
D-80-50 Double Quiet 87
$-80-50  silent 84

~ Table 4 Design Optimization Parameters

Parameter ' o ' Units Raﬁge
Cruise Speed _ mph 250-425.‘
Disc Loading = | 1bs/ft2 6~16
Helicopter Mcde Tip Speed £t/sec 300-850
Airplane Mcde Tip‘Speed‘ | ft/sec 300-650
wing Loading 1bs/ft> 50-100
Conversion Power Factor* 1.10—2.20

* Ratioc of power desired in conversion to tinat required in-

a normal hcver.



-28-

testing, with airline service following two to five years later.
The values of the parameters which were changed to produce the
size andrtime frame variations are given in Tables 5 éﬁds ;o
reépectively. The.l§75 values of the parameters used in the
time frame variation are based on the calibration of the computer
program as discussed in Section 2. The 1980 and 1985 values
were derived using the author's judgement and knowledge of
projected technological desvelopments to extrapolate historical
trends. The optimality of the values of the optimization
parameters found in the basic variation was checked by varying
each of these parameters singlyv for extreme points of the size
and time frame variations, ramely C--75-20, C--80-110, 5-80-80,
C-75-50, and 8-85-50, $-75-50, and 5-85--530. No significant
improvementé could be found so these parameters were kept
constant for each noise class throughout the size and time frame
variations.

In all the previous variations the obstacle clearance
path was kept fixed at 60° to 100 ft. In order to assess how
this choice of patii might affect the results, the obstacle clear-
ance path was varied. Eight other departure paths were considered
with obstacle heights of 50, 100 and 200 feet and obstacle élear—
ance angles of 30°, 60° and 20°. It was found that the basic
variation aircraft did not have suffgcient power in the convar-
sion phase to execute the departure paths having greater obstacle
heights or steeper obstacle clearance angles. The reason for
this is the assumption in the departure path calgulation that
that the vertical sSpeed built up in the cbstacle clearance phase

is maintained through the acceleration and conversion phase.
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Engine Power/Weight, hp/lb

Table 5 . Design Parameters Varied with Size |
Parameter | ‘ 20 - 50 - 80 110
Cabin Crew 0 1 2 3
Fuselage Length, ft. 55 80 95 ‘110
Fuselage Diameter, ft. 8.5 10 11.5 13
Table 6 . Desigy.ParameterE;Varied'with‘TimefFrame
Parameter 1975 1980 - 1985
Rotor Hover Efficiency 0.83 0.85 0.87
Rotor Conversion Efficiency  0.81 0.83 0.85
Specific Fuei Consumption , 0.42 0.40 0.38
‘ : 1b/hp. hr. f
Airframe Weight Technology 0.80 0.78 0.76
‘ Factor :
Rotor Weight Technology 1.05 1.00 .95
' Factor

Drive System Weight Technology (.85 0.83 0.81

Factor o

7.0 8.5 10.0
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The higher paths require that conversion be executed while
. maintaining a greater vertical speed reguiring extra power
which the basic variation aircraft do not have. Therefore the
path variation was accomplished using a more powerful aircraft,
QP-80-50. This design is similar to 0-80-50 but the conversion
power factor has been increased from 1.40 to 2.00.

Finally a hovering caéé was run to develop a standard level
of total annoyance. A vehicle was found which generated 95.0
PNAB at 500 ft. distance while hovering at 100 ft. altitude.
This is app£0ximately the nbisellevel of the Vertol 347
helicopter. Then this vehicle was hovered over the center
of the vertiport for one minute at 100 ft. altitude to obtain
a standard level of total annoyance. All grossg levels of
annoyance prbduced by other vehicles were divided by this

value to obtain relative annoyance, which is used for all plots.
4.2 Constraints

Several constraints, which are external to the computer
program, were obeyed during the variations described above. A
rotor solidity of 0.25 was considered the arbitrary maximum.

The wing aspect ratio was kept below‘B.O to avoid aeroelastic
problems. The wing loading was kept above 50 to permit rsazon-
able ride quality. Finally the counversion spged was not permitted
to be less than two thirds of the airplane mode bkest rate-of-climb

speed, in order to have an adequate conversion corridex.
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4.3 Constants

The values 6f‘significant cohstants-which were used“throuéhw,
Out.the study are shown in Tables 7; 8 and'g, Compléte daté on
all the aircraft designs discussed in thié feportkis-presented
~in Appendix'l. Direct operating cost was ﬁalCuiated at a Qérieﬁy.
of stage-iengthsr “The cost.oferrtwo-200 milé segments, with the
engines not:shut down at the4interme&iateﬁstop;_was Se;ectéd as
representative of typical high-density short haul'opérationé.

DOC is in 1973 doilars.
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Table 7 - Design Constants

Parameter 'Vélge
Design Range, stat. mi. 500
Cruise Altitude, ft. 15,000
Max. Helicopter Mode Advance Ratior 0.40
Wing Thickness/Chord Ratio 0.21
Wing Taper Ratio 0.70
Flap Area/Wing Area 0.25
Wing Max. Clean Lift Coefficient 1.40
Number of Engines 2
Emergency/Normal Power 1.40
Climb/Normal Power 1.20
Cruise/Normal Power 0.90
Field Elevation, ft. 0
Emergency Hover Altitude, ft. 2900
Maximum Acceleration, g. 0.25
Maximum Deceleration, g. 0.20
Hot Day Temperature, °F, a5
Standard Day Temperature, °F 59
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Table 8 Operating Cost Constants L
_Parameter Vélue """""
Utilization, hr./fr. 2000
Depreciation‘Pefibd} yr. 1b
 Residual Value, % | .-0.
Airframe Cost, S/lb. 80
Engine Cbst, $/hp.' 60
Fuel Cost ¢/gal.‘ ‘18
Hull InsﬁranCe Rate, % per yr. 4.d
Maintenance Labor Rate, $/hr, 7.00
Table 9 . Departure Path Constants = . S
Parameter Value
Max. Fuselace éitch angle, deqg. ZQv.
‘Max. Accel. Vector Rotation Rate, deg./sec.‘ 20
Acceleration Buildup Time, sec. 5
Obstacle Clearance Angle, deg. 60*
Obstacle Clearance Height, ft; 100%

*Excépt in Path Variation
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5.0 Results and Discussion

The basic varistion resulted in five aircraft éovering the
spectrum of noise levels, but designed to cémmon ground rules
as discussed in Section 4, The basic variatien includes only
1980 50 seat aircraft. The principal characteristics of these
aircraft are shown in Table 10. For comparison the principal
characteristics of QP-80-50, and of the hover example'aircraft
are given in Tab1e 11. The rotor and wing planforms are shown
in Figure 6. DOC is plotted vs. ;elative annoyance for the
basic variation in Figure 7. This curve is the central result
of this study. DOC for other stage lengths can be found from
Figure 8. Complete information on all the aircraft designs
discussed in this report is given in Appendix 1. Effective
Parceived Hoise Level Maps for basic variation aircraft are
given in Appendix 2.

Starting with C-80-%0 and moving downward in nolse level,
we see that each step cuts the relative annoyvance roughly in
nalf. M-80-50 differs from C-80-50 mainly in helicopter mode
tip speed and solidity, and the resulting change in DOC is very
small. Going on to Q-80-50, we see that_now alrplane mode tip
speed énd wing ioaaing are also reduced, resulting in a slightly
greater change in DOC. With D-80-50 cruise speed is added to the
list of changing fundamental ?arameters and DOC Begins ﬁo rise
-more sharply. Finally, in S-80-50 the effects of further

changes in all these paraneters combing to give a. sharp increase
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of Basic variation Aircraft

1.482

+133

e M Q D S

Disc Loading lbs/ft> ié.o‘ -12.0' 9.0 7.0 6.5
solidity _ 0.081 0.143  0.179  0.200  0.245
Tip Speed Hel..Mddér ‘ : \).‘l ,

ft/sec 825 620 480 400 350
Tip Speed, Aifplane ‘ . :A

Mode ft/sec 560 550 480 400 350
Installed Power, hp  93g8 9447 8784 8328 " 9190:
Conversion Power Factor 1.30 1.30  1.40 1.50 1.65
Wing Loading, 1b/ft2 ‘95' 95 75 63 50
Wing Aspect Ratio 7.91 7.85 7.72 f.91 L 6.56
Cruise Speed, mph 429 431 411 351 '254_:
Cruise Lift/Drag 9.98 10.11 10.55 ;2;52 | 14.57
Fuel Weight, 1b 4248 4126 3973 3978 4803
payload, lb 10,150 10,150 10,150 ° 10,150 10,150
Empty Weight, Ib 28,114 . 29,924 33,861 37,573 44,719
Gross Weight, 1lb 42,511 44,200 47,984 51,906 59,672
boc, $/seat trip for - . . ‘ : C R

two 200 mile trips 13.56 13.84 14.93 17.18  21.89
EPNdB @ 500 ft _ . | | |

Sideline, Departure 103.1 95.0 90.0 86.8 84.0
Relative Annoyance, ‘ , |
Departure .657 279 074
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Characteristics of TwoO Example-Aircraft

—_—

Hover
QP-80-50  prample
Disc Loading 9.0 12.0
1bs/ft2
Solidity 0.179 '0.122
Tip Speed Hel 480 673
Mode, ft/sec
Tip Speed Cruise 480 550
ft/sec
Installed Power, 10,500 9393
hp '
" Wing Loaging 75 95
1b/ft
Wing Aspect Ratio 7.57 7.87
Cruise Speed, mph 427 432
Cruise Lift/Drag 10.36 10.01
Fuel Weight, 1b 4561 4127
Paylocad, lb 10,150 10,150
Empty Weight, 1b 38,938 29,295
Gross Weight, 1b 53,649 43,572
DOC, $/seat trip 16.04 13,75
for two 200
mi. trips
BPNAB @ 500 ft 90.1 97.5
Sideline
Departure
Relative Annoyance . .324 .839

Departure
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in gross weight and a large increase in DOC. This vehicle is.
up against éll the constraints discussed in Section 4. Thus it
is appropriate that the slope of the DOC vs. relative annoYanée
curve in Figﬁre? is nearly infinite at this point.

In the size variation, the basic variation was extended to -
include 20, 80 and 110 seat sizes. The gfoss weight did not
converge for $-80-110, because. the rotor weight penalty to-
preventrexcessive coning at iow tip speeds increases-xapidly
with aifcraft size. DOC is plotted against relative annoyance
for each size in Eigure 9. VHowever;.it is appropriate when
comparing the noise annoyance of aircraft of varying size to
consider the annojanée per seat, since fewer departures would
be required to transport a given numberrof passengears on larger
aircfaft. Thus DOC is plotted‘vs relative annoyance per sea£ 
in Figure 10. It can be seen that the minimam DCC aircraft
decreases in size as the permissable annoyance is reduced.. The
110 seat aircraft has the lowest DOC over most of the annoyance
range but it is interesting to see how close the 50 seat and
80 seat aircraft are in DOC. The effect of frequency on demand
would faver smaller aircraft, and hencé the best aircraft from
the airline system point of viewis probably smaller than 80 seats.
Also the curves_indicate that DOC would not decrease significantly
for aircraft larger than 110 seats. |

In the time frame variation, the basic variation was extended
forwards and backwards in time, from 1980 to 1983 and 1975, DOC

is plotted against relative annovance for each time frame in
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Figure 11. The_curves‘féll rather close~£0gether, refiecting
a‘fai;ly small advancement in aircraftxtechnology over this
time period. _HoWever, over mnst of thé énnoyancerrangem moving.
aﬁead-in timé can produce a Substantial reduction in annoyance
at constant DOC. | |

Thé path variétidn was accomplished Wiﬁh anraircraft, QP—BO?SO,
which is similér-to.Q—SO-SO but the conversion power factor was
 incxeaéed:frdm 1.40 to 2,00, as discussed in Section 4. Nine
‘different de?arture paths wefe used with nbstacle héights of
50, 100 and 200 feet .and obstacle clearanca angles of 30°, 6Q°,
énd 90° . The results are plotted in Flgure 12, From these
" curves it can be seen that nlgher departure'oathspmoduce greater
annoyance, but annoyance is not very sen51t1ve to the helght of
the'path. To exglore,thls further, tne nlgnest, middle and . |
lowest paths are shown in Figure 13. Although the middle path
in this figure is approximately twice aslnigh as the lowesﬁrone,
it takes longer té execute resulting.in the annoyance being
increased about 15%. The same thing can be said with respect to
the ﬁighest and middle paths. This is in agréement with Ref. 14.
. There it was shown that higher flight paths result in substantial -
reduction of the areas ﬁithin contours of Perceived Hoise Level.
‘Héwever, when thééé values were adjusted‘for-the duration of the
: noisé, the area witﬁin most contours of Effective PefceivedwNoiSE

tevel was slightly increased.
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6.0 Conclusions

The central conclusion of thlS work is that reducing the
noise annoyance of commerc1al tilt rotor alrcraft by desmgnlng
for lower rotor tip SPeEdSVlS a very prom131ng averue for future
research‘and‘development; ‘Itlappears that the cost of halving
“the annoyance compared toc an unconstralned desgign is 1ns;gn1f1cant
and the cost of ha1v1ng‘the annoyanee-agaln is small.
Designing for noiSe reﬂuctionbiaSes size-selection.inifaVOr
of emaller designs-and:the'decrease in DOC for sizes over 80
seats is small. Improvements in aircraft technology in‘the‘nexp"'
ten yeans will offset the cost of considerable noise‘reduction.
The noise annoyance is not very sensitive to choice of departure
path but hlgner departure paths produce slmghtly greater annovance
The principal limitation of thls study is the state of the
art regarding low tip speed, uigh solidity rotors. The prediction
of performarce, weight, and noise generation dre all based on
substantial extrapoiations of data on existiné rotors.'aThene
is a critical needfor research in'this.arealif commercial tilt
rotor aircraft are going to have a smali noise impaot. If the
noiselimpact is not small these aircraft will propably not be

viable.
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Appendix 1

Computer Output for All Designs



. TELT ROTOR DESIGN PROGRAM_ 1974

DESIGN ITERATIONS: 5

.. L-80=50_____

DVERALL POWERPLANT FUSELAGE STRUCT TECHNQ]QQ EACT Qg;
GROSS WEIGHT (L®) 42511, INST NCRMAL PWR (HP) 9388,  *LENGTH LFT) . 80.0  »ROTOR 1.00
_EMPTY WEIGHT {[LB) 2B1l14, *NUUMBER OF ENGINES. 2. *DIAMETER (FT} 10.0 *TRANSMISSION D.83
FUEL WEIGHT [(LB) 4248, *EXCESS FACTOR HEL MODE 1.30 *[ORAG FACTOR 1.00 Al RFRAMF 0.78
PAYLMNAN (LB) 10150. *2 RAIFD EMRG HVR [V 3+ PO e e : VRENGINE [HP/ZLBY ... B.50 _
CRUTSE SPEED (MPH} 429, * -~ CONV + CLIMB 120. FLAT PLATE AREAS [SF) =ENGTNE INSTALLATION 1.50
L/0 CRINTSE 9.93 _* CRUISE 90, WING PROFILE 3.04
*RANGE [STAT MT} 550. TNST PWR EMRG HVR (HP) 93R8. FUSELAGE 5.31 DESIGN MISSION
 ®PASSENGER SEATS 50 L CCRVER | (MP)__6563,_-  EMPEMMNAGE 182 ____ _*FIELD_ELEVATION (FT) 0,
*CARGD {LA} 0. CRUISE (HP) 7865, TOTAL PROFILE 12.31 SﬂUND SPEED HVR (FPS) 1117,
—_ - e _ESFC ILB/HP BRY D500 WING INDUCED 2,06 %5TD DAY TEMO_(QEG F) = 59,
ROTORS . *EMEPG HOVER ALY (FTH 2030,
*N1SC_LDADING [PSFL 12.00 DRIVE SYSTEM COMPONENT WEIGHTS (LB =HOT DAY TEMP {DEG F} 95,
RADIUS (FT} 23.7 *EFFICTIENCY d.97 RNOTORS 3268, *CTSSIG MAY 0.150
SOLIDITY , o _C.C81 _ _ HEL MUDE WEIGHT (LB) ___ At45. _DRIVE SYSTEM 4250, =MAX ACCFI ERATION (G). LCe25
BLADE CHORD (FT} 2.01 AIRPLANE WEIGHT [LA) 4256« PDWERPLANT 1657, *NESIGN CHUTSE [MPH) 400,
TOTAL BLADES . 6 : . _NAGELLES L 261e  _*CRUTSF AITITUDE (FT) 15009
®CT/SIG HOVER 0.120 MWING FUEL SYSTEM: 362 SOUND SPEED CRSE (FPS) 1058.
HPRNFILE NRAG COEFF 0.010 AREA (SF) 448, WING 3223, *MAX DECELERATION {G) 0.20
% NOWNLDAD ’ 4.5 * OADING (PSF) 95.0 - FUSELAGE 5536. . *STRUCT LOAD. FACTOR © 4.5
. *EFFICIENCY HOVFR 0.85 ASPECT RATIO . 7.%91 EMPENNAGE 829,  #FLIGWT CREW . L 2e
* CIONVER D.83 SPAN (FT) 59.5 LANDING GEAR 1275 *CARIN CREW 1.
. CRUTSE 0,79  ™EAN CHORD (FT) . 1.52 FLIGHT CONTRONS 1787. _ *ATC SPEED LJIMIF__ YES
HFL MODE WEIGHT (LB) 3268, *THICKNESS/CHORD RATIC 0 210 HYDRALICS 267, -
ATRPLANE WEIGHT (LB} 2512.  *TAPFR RATIO €.70 -ELECTRICAL 659, 1
*TIP SPEED HOVER, a2s, SWEEP (CEG) -5.1 INSTR+AVIONICS T03. (=
_* caylSE _ S60. _ CRUISE LIFT COEFF_ 0,32 ATR CONDITIONING 1150,
®FUSELAGE CLEARNCE {FT) 2.0 MAX LIFT COEFF CONVER {.T5 FURNISHINGS 2500.
. ™MAX HEL MODE ADY RATIO___ 0.40 _ *VAX LIFT COEFF CLEAN - 1.40 _  FLUIDS 213,
’ ) - *FLAP AREA/WING AREA 0.2% FLIGHT CREH 400,
* INDICATES INPUT VARILABLE CLTMR SPD/CCNVER §PD _G.15 CARIN CREW 153,
DESIGN MISSION CSPEED __ HEIGHT DIST  TIWE . FueL
MPH FT i MIN 18
TAKEOFF € LANDING . .20 o8&y _
ACCEL. & CONV. <00, J.9 0.64 .33,
ATRPLANE CLIMB 168.,208, 14100, 13.1 4,19 226,
ACCEL., TD CRUISE iz.1 2.08 118,
CRUISE o 429. . 439,.5  6l.44 ___ 2B6&Y,
ATRPLAMNE DESCENT 429.e292. T 14100 33.4 5.08 G4,
_DECEL. & CONV, - S0C, 8.9 ___1.1L .9s
TOTAL " 500.,0 TT.35 3385,
. . _RESERVE - 20.00 . 862,




C-80-50

STAGE LENGTH (M.} 5. . S0. 5. 120, 152, 200, __ 300, . 402, . 572, o . - ___
CRUISE ALTITUDE (FT.)  2C00. 433C. 100CL. 12500. - 15000. 15000, 15000. 15000. 150800.

LCRUTSE SPEEQ_{MPH) 296, 195, 438, 451, a6t 461, 461, 46], 461,

CaUISE L/O 12,27 12.27 Bu46 8.75 9.02 9.02 9.02 9.02 9.02

CRUISE DISTANCE {MI.) 17.1 . 35,1 22.3_ 38,2 T9.6_ . 12946 __229.6__ 329.6 42946 _ e .
BLOCK TIME (MEM.) 8.7 13.8 17.1 20.7 27.5 34,1 47,1 6941 73.1

BLOCK FUFL {LB.} 293. 4131, 621, 804, _1184. _ 1552. _ 2276, 2983. 3BT,

ALOCK SPEED (MPH) t72. 218. 263, 2p9, 327, LT 382. agg, 510.

DIRECT APERATING COST. -
ATRFRAME COST (5/LB)= 80.0

ANN UTIL [ZATION(HR)=2000.

DUC=1.70+40.0244%5L $/SEAT-TRIP (5L= 25.,5C0.])

HOP LENGTHS 50+150¢ O+
STAGE LENGTH 25, .
NO, CYCLES/STARTS L/1
FLIGHT CREW 0,563 Q
FUEL & DiIL 0,326 0
HULL TNSURANCE G.311 o]
TOTAL FLIGHT OPS 1.200 3
LABOP AIRFRAME _ O.474__ 0
MATERTAL AIRFRAME 0.1%4 v}
LAROR ENGINES C.21T 4]
MATFRIAL ENGINES U.51%9 a
MAT. BURNDEN 1.029 0
TOTAL MAINTENANCE 2.524 1
DEPPECTATIAN __ C.9G4_ 0
TOTAL DYRECT OPERATING COS
$/AIRCRAFT MILE 4,628 3
$/FLIGHT HOUR 798.0 6
$/SEAT MILE 0.0926 Q.
$/SEAT-TRIP 231

DEPRECIATION PERIOCD(YR)I=10.

LARQOR RATE(«/HRI= T7.00

ENGINE COST ($/HP)= 60.0  INSURANCE RATE=D,043__ FUEL COST {CENTS/GAL)= 8.0 .~ .
0+ 0=200 1CG+200+ O+ D0+ 0=300 2004200+ Q¢ 0+ 0400 __ T . N
50, 75.___ 100, 150, 200 300, 439, 539, 200, 300 400,

1/1 i1 1/1 171 171 1/1 171 171 27r . 2/1 71

L4468  0.369  0.236 0,297 . 0.276_ 5.254 _ 0.243 G.23T7___0.351_ 3.3C6___0.284__

V240, 0.234  0.226  0.219 . J.216  0.211 . 0.237 U205  0.225 U218 D.216

L2466 0.20% 0,185  0.166 04152 D.140__ 0.134__ G.131__0.185__ D.163 __ C.152

D931 0.BG7T  0aT45  Q.681 0.643 0.605  U.585  0.572 0,760 0.688 0,451

LIL1 0.240 _ 0.206_ G.171___0.152 9,133 C.123 0,118 0.204 9.169 _9.151

1Y T 0.085 T 0.0 0.05T  0.049  0.042  0.038  0.436  0.063 0,065 0.748

174 0.173  0.CSB. 0.072  D.0S9. 24046 C.740. _0.036_ 0.083 __ 0,066 0.355

T280  0.195 Q.54  C.l1l  0.090 0-068  0.058  0.051  0.136  0.099  G.381 i
J631  0.472  0.356 _ 0.316__0.274 _ 0.233 0.212 _0.300_ 0.38)  Q.305__ 0.267___ ay
L5090 14115 0.525 0.T27  0.625 04523  0.4T1  0.441 04876  5.694 0.602

J715  0.552 0,539 0.477__ d.442 _ 0,408 _ 0.390 0.280 0,537 0.474 D.442

T

L156  2.514 2,208 _1.385 _ 1.TI0_ 1,535 1.447_ 1.393  2.173__ 1.856  1.595

87.7  6El.%  638.7 615.9 602.7 586.9 571.6 S7T1.4  631.1 609.8  597.4

0631 _0.0503 D0.C442 0.0377_0.0342 _0.0307_0.0289 0.0279 0.0435_0.0370_0.033¢ = ..

3.16 3. 77 4.42 5. 65 6. 84 9.21 11.57 13,93 8.69 Ll.l4 13,55

ST R L R U TRT Y

e




C=B80-50

DEPARTURE PATH TO 10,000 FT MSL

OBSTACLE_ﬁE!Qﬁjilpﬂ. MAX ACCEL ROTATION RATE=20.

"NOISE 500 FT FORWARD OF TAKEOFF POINT=104.5 EPNDR

" NDISE AT 20,000 FT SIDELINE= 65.5 EFNCA

&6,

52.1

MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=40._ ACCEL BUILDUP TIME= S, e

TIME DIST ALY VEL | ACC _GAM_ THRUST _  LWGO __LWGT _DWGO__ DWGI_ DFUST_ALP  THE AWQ ALV { AMDA My €T POWER _ ...
5EC FT FT FPS G DEG 1B LA LB LB LB LB DEG DEG DEG ODEG HP

. 0BSTACLE CLEABRANCE
3.1 L Te 3., 0.050 60.0 45113, ~-0. =560. D. T33. e 2943 24.6~35.4 28.8 0.0641 0.0015 0.0079 6463,
4.0 Ta 13, . B8 0.1T1 650.0_ 49670e__  ~3a_ =6Bh, 24 6TDe 104 26u5 25.6-35.4 24,8 0.0698 0.034Y _J.0987_ 7539,
5.0 13. 23. 13, 0,163 60.C 4536l. =10 =5%9%. 5. 626. 28. 26,7 24.6-35.4 23.6 D.,0728 0.0L68 0.0U086 Ti72.
6.2 24, 4l 18. 0,129 60.0_ 48050, —19. —697._ 9, 584.  She 2Ted 24:6—3%.4 22.5 00,0748 G,0075 00,0084 ¥772.
7.8 42. T3. 23. J.0%5 60.C %&R08,. -31. =695, 15, 561, 9), 28,2 24.6=35,4 21.9 0.0768 0.%126 5.0082 7T772.
8,5 58, 100._ 24%. D.G6Q 6D,C 45521, ~4b., —695, 23+ 537, 134, 29,1 25.6-35.% 21.2 D,0789 00,0159 _ 0,0380 7772,

ACCELERATION AND CCNVERSTON '

9.5 T8. 127, . 33, Da152 52.4 44541.___ —83a__—9%0e __ 26s__326s__1374_30.3 24.6-27,8 21,5 0,0807 0.G223 2.CGOt8  ¥772.._ _ _.
13.4 106. t5l. 40. 0171 41.T7T 473891, =~166. =-1265. 28. 211. 105. 40, 1 24.6=-1T7.1 25.4 0.0818 0.0349 2.0077 TV72,

B 11.3 142, 175. 48, D.174 33.8B 4411B. —202. —-1571. 28. 168, 48,1 2f 814 N.N430 0,077 1772, _ .
12.2 1B . 1943, 57. 0.176 28.2 44176, 58. —1836. 26. 148, +« 53,6 24, & —3.6 2 LUBL2 0.0549 D.uoTa TTT2. .
13,0 238, 222. 66, 0.179 24,1 44202, 4037, =2U9l. 4. L4, 45, 5T.% 24,6 0.5 27,1 0,CALL 0.0A66_0.00T78 TTT2.

13.8 295. 244, 75. DL191 21.8 44238, f51. —-2361. 52. l42. 48, 59.6 24i6 3.6 25,2 D.0809 J.LTRY G, 0078 TIT2.
14.7 360. 266, 85. 0191 18.5 44142, 1393, —-2656. _ T9  _149e_ _ £2. 6laT 2456 6.1 22.9 0.0813 5,090 Q.ulTH__TTTZ2. .
15.5 435. 288, 4. 04188 16.& 43971, 2G36. =~-2978, 117. 159, 8T, 63.% 2%4.6 8,0 23.6 0.0812 0.1017 3.0077 1172,

16«3 521 311l. _10%. 0.180 15.0__ 42927, _ 2TAL, —2330. _165e__ 110w _ 123+ 640U 2%+h_ 96 17,2 0.0A30 QL1225 U.00T6 TTT2.
17T.2 6l&. 3A34. 113, 0.183 13,7 41224, 3628, =907, 223. Tl 170. 63.1 24.6 10,9 15.2 G.0863 0.1227 J.03T13 TI12.

18.0  7l6. 357, 123, D,184 12.6 29205, 4578, 598, ?291. 69, 229, 65148 24,6 12,0 12.8 0.0904% D.,1325 Q. 0069 T172.

19.0 837. 382, 133, 0.167 11.7 36927, 5621, 2246. 369, 104. 298c 6la2 2646 12.9 106 0.0960 0.1416 C,0065 T7712,

19,9 969,  _ 407. 143, 0.165 10.9 34576. 6787. 3953, 457, 174,  379. 59.3 24,6 13,7 8,7 0.1924 0.1504 G.D06Y _ T7T2e __ _ .__
21.0 1126, 435, 153. 0.149 10.1 31788, HQ45., 5834, 555. 277. 470 577 24.6 l4%.f 7.l 0.1112 QL1577 3.0056 T772. =
22.2  1318.  _467. __162. 0.130 9.5_ 28723, 9406, T8b4, 663, 413, 572, 55.6 24.6 15.1 5.6 0,1229 0.1632 0.0051  7¥72. b
23.5 1541, S02. 172, 0.118 S,0 2%56&5. 1C86B. 1CJ06. TBl. 574a 6BO. 5241 2%.6 15.6 4,3 0.1375 0.14A58 3.00a45 7TI72. w
24.9 1803, 562, 182.°0.107 8.5 224T4. 12430. 12299, 909, T65. B810. 4Te3 24.6 16,1 3.2 0,157 G.1636 0.0340 T772.

26.6 2124, 687, 192 0.0927 8.0 19955, 13596. 13978, 97%., B892, B8B80. 43,7 24.0 15.9 2.4 0, 1772 0,1594 0.0035 7772,
. 28,4. 2483, 635, 202. 0.G06 7.6 18184, 14458, 15186. 1012._ 964, 915. 40«3 _23.0 15.% 1.9 011946 D.1567 0.0032 1772,
30.3 2882. 686. 212, 0.082 7.3 16448, 15425, L6459, 104T. 1039, 952, 35.8 22,2 14.9 1.4 0.2156 D.1479 ¢.0L229 T772.
32.2 3308.  T38. 222. 0.080 7.0 14831. 16383, 17794. 1084, 1118, 99L. 29.08 21.4 14,5 1.0 0.2400 0.1393 90,0026  T772. B
14,1 3T4Z. T89, 232, 0.082 6.7 13507, 174010, 19195, 1127, 1201a 10384 21leB 208 1422 Q046 0u26408 0,1049 22,0024 TTT72.
36.0 4191, 839, 241, 0.CB3__ 6.4 12429, 18428, 20623, 11569, 1286, 1D84, 12,4 721.2 13.8 0.3 0,2893 N,1642 D.9022 7772,
TATRPLANE MODE CLIMB TD 10,600 FT |
36,0 419l. 839, 2464 0.0 4.2 13859. e e . e e
196.7 46673, 10000. 283%. 2.0 11.7 12¢58.
- NOUSE AT S00 FT SIDELINE=1C3.1 EFKOR

© TIME 1.5 4.5 T.5 10.5% 13.5 165 19.5 22.5 25.5 2B.5 31.5 34,5 139.0 45.0

PNL 101.5% 102.3 101.7 1C0.3 98.7 9%5.4 89,9 B3.2 75,9 T0.4 & 61.9 54.5

THE TOTAL NDISE IMPACT IS

NOTSE 25,008 FT FORWARD CF TAKECFF PQOINT= €3.3 EFNCB.

0.11476C#07

EIRLATTE
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TILY ROTOR DESIGN PROGRAM 1974

M-BD-5%0

_OVERALL

POWFRPL ANT

FUSELAGE

— DESIGN ITERATIONS:

5.

STRINCTY TECHNNLNGY FACTORS

GRMSS WEIGHT (L@} 44200, TNST NIRMAL PR (HP) 9447, *LENGTH (FT1 80 .0 *ROTAR L.09
EMPTY WEIGHT {LB} 29924, “NUUMBER OF ENGINES _ 2o ¥DVAMETER AFT)__ 0 10.0_ _ *TRANSMISSION _ . _2.83
FUEL WEIGHT (LB) 4126, *EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR 1.00  =AIRFRAMF 0.79
PAYLOAN (LB} 16150, *T RATED EMRG HVR  _  _ 140. __ .. ... _. . _ ... *FNGINE {UP/LB) . ___B.50
CRUISE SPEED (MPH) 43t. * CONV + CLIMA 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.50
L/D CRULISE 10.11 * CRUJISE 5. WING PROFILE 3.15 .
T #RANGE (STAT MIi 500. IMST PWR EMRG HVR (HP) $447. FUSELAGE 5.31 DESIGN MISSION
*PASSENGER SEATS 50. . CONVER [HP)_ 6566. _ EMPENNAGE o 1.99  AFTELD ELFVATION (FT) 5.
=L ARGO {LR) D. CRUTSE (HP)} 7845, TOTAL PROFILE 12.52 SAUND SPEEN HVYR  [FPSE 1117,
®SFC [LB/HP FR) _De4D0 __ WING INDUCED 7,14 =STO DAY TEMP (DEG F) 59,
ROTORS *EMERG HOVER ALT (FT) 2G07.
.. *NISC LOADING {PSF) 12.00  BRIVE SYSTEM COMPONENT WEIGHTS (LA} XHOT DAY TEMP (DEG F) 95,
RADIUS (FT) 24,2 *EFFICIENCY 0.97 ROTORS 4075, *CT/SIG MAX De 150
SOLIDITY ) [ ) HEL MODE WEIGHT (L#) __ 4018. _ DRIVE SYSTEM 4901, *MAX ACCELERATION (G} . 0.25%
ALADE CHORD (FT) 2.72 ATRPL ANF WETGHT (L8) 4971, POWERPLANT 1667. *DFSIGN CRUTSE (MPH) 400
TOTAL PRLADES = 8 iy o MACELLES e 2%4._ . *CRUISF ALTITUDE (FT) _ [5051C.
=CT/SEG HOVER 0.120 WING FUEL SYSTEM 145, SOIND SPEED CRSE (FPS) 1059.
___%PROFILFE DRAG CCEFF C.010 AREA {SF) 455, WING 3373, =MAX NECELERATION (6G) 3,29
T NOWNLOAD 5.0 *L.OADING {PSF) 95 [ FUSELAGE 5549, *STRUCT LOAN FACTOR 4.5
*EFFICIENCY HOVFR 0.85 ASPECT RATIN T+85  EMPENNAGE = . _ 862.  «FLIGHT {Prcw 2.
* CUNVER 0.83 SPAN {FT} 60,4 LANDING GEAR 1326, *CAR[N CREW 1. =
CRUISE D.T7L #FAN CHORD (FT) _ To70  FLIGHT CONTROLS __1888.  =*ATC SPEEN L 1MIT - B VESJ__
HEL MODE WEIGHT (LB} 4076, =THICKNESS/CHCRD RATIO Q.210 HYDRAULILS 272,
AIRPLANE WEIGHT (LB) 3978, ETAPFR RATID 0. 70 ELECTRICAL 696,
- *TIP SPEED HOVER 620.  TSWEEP (EEG) -5.3 INSTR+#AVIINTCS T03.
CRUISE .. .550, CRUISE LIFT COEFF  0.32_ _ AIR CONDITIONING 1150, . .
*FUSELAGE CLEARNCE (FT} 2.0 MAX LIFT CNEFF CONVER 1.34 FURMISHINGS 2500.
®MAX HEL MODE ADV RATIO  0.40 _ *MAX LIFY COEFF CLEAN 1.0 FLUIDS _221. - o o _
®FLAD ARFA/WING ARFA 0.29 "FLIGHT CREW 400,
__* INDICATES INPUT VARJABLE CLIMB SPR/CONVER SPD 1.09 CARIN CREW 150,
DESIGN MISSION SPEFD HE 1GHT olsy TIME FUFL o . o _ _ .
MPH £T M1 MIN LB
TAKEDFF & LANDING o 2.0, 8. e
ACCEL. & CONV. 0G. £.9 Cab4 33,
_AIRPLANE CLIMB 1694210, 14100. 11,5 3.68 192.
ACCEL. TO CRUISE G.7 1.67 93,
CRUISE o a3t. . A43.0 61.69 2811,
AIRPLANE DESCENT 431.,292, 14100. 34.0 5,98 aq,
DECEL. & CONV,. o SCCe . Cu9 11D 9, . e e -
TOTAL 500.0 T6.75 3263,
RESERVE _ 23,00 864.




M~BD-50

STAGF LENGTH IMEL} | . . 25« ____  5Ca _ __ . 35, __ 100,__ 150,  _ 200.._._ 300, . __400. 300.
CRUISE ALTIVUDE (FT.} 2000. 4300, 100Gl. 12500. 1505C. 150G0. 15000. 15000. 15090.
____ CRIJISE SPEED_(MPH) 296, 305. 437, 438, 442, 442, 442 o 442 442,
CRUISE L/D 12.45 12.45 8.468 9.20 9.19 9.79 9.79 9.79 9.79
CRUTSE DISTANCE (MIL) 17.5 35,7 _ 29.9 _  _4B.8 _  90.9___140.9 ___240.%2 350.9 440.9 _— __
ALOCK TIME (MIN.} 8.7 £3.7 16.8 28.6 27.7 34.5 48.0 61.6 75.2
BLOCK FUEL {LB.) = 2B,  409.  _ 5%92.  _ 146, _ 1076.__ 1409, 20656, 2713. 3351, _
BLOCK SPEED (MPH) 173. 219. 268, 292. 325. 348, 375. 390. 399,

DIRECT OPERATING CDST - ANN UTILIZATION{HR}=2000.
AIRFRAME COST ($/LB¥= B(.O
NOC=17T1+0.0253%5L $/SEAT=TRIP (SL= 25.,500.}

DEPRECIATION PERIOD(YR)=10.
ENGINE CGSY {$/WPl= 60,0 _ INSURANCE RATE=2.04D  FUEL COST (CENTS/GAL)= 18,0

LABOR RATE($/HR)= T.00

HOP LENGTHS. 504150+ 0¢ O+ 0=200 10C+200+ O+ 0O+ (=302 200+270¢_ 0+  Dt_ _0=400 - e

STAGE LENGTH 25, 5C. 15, 1GC. 150. 200. 100, 450, 500, 200. 300, 400,

NO. CYCLES/STARTS 171 171 171 171 171 11 171 171 171 271 211 271

FLIGHT CREW 0.557  0.440 _0.361  0.331 0,297 0.277__ 0.258 __ $.248___0.242 __(0.34%__ 0.306 _ 0,285 R

FUEL £ OIL 0.313 .22  €.720 0.2C8  0.199 0.196 0.191 0.1883 0.186 0.206 0.200 0.196

HULL INSURANCE  0.326 0.258 10.211  0.164 0.174 0.162 __0.151 __ _0.145 __ 0.14%2 _ 5,195 _2,173__0.162

TOTAL FLIGHT OPS 1196 0.526 0a752 04733 04670 00635  0460U 04581 G573 0.753 0.679  0.643

LABOR AIRFRAME  0.482 _ 0.316 04242 0.209 _ G.174 __Q.156__ 0,138 0,128  0.123 04208 04172 0,155

MATERIAL AIRFRAME 0,193 0.118  ©.CB8  G.D74  0.U60  0.052  0.045 0.041 0.039 0,072 2,053 0,051

LABOR ENGINES 0.317 0.174 ©.123  0.C58 0.073 _ G.060. _ 0.047 __ 0.340___0.037___0.089 ___0.066__ 0.955 e

MATERIAL ENGINES 0.527 G.281 04156 0.156 "~ 0.112 D.091 0.070 ©.959 0.(53  0.137  0.100  0.082

MAT. BUPDEN C1.039 0.637  0.474  0.359  0.321  _0.281__ 0.240___0.P2Q___0.207___ 0,385 _ 0.310 ___0,273__ . [

TOTAL MAINTENANCE  2.553  1.526 1.121  0.934 0.740 0.639 0.538 0.488 0.458 0.890 0.706 §.6l6 ]
 DEPRECIATION 0,946 _ 0.748 0,513  0.563 _ D.504__D.%7L _ 0,438  0.421  0.411 0,565  0.501_  3.571 w

TOTAL DYRECT OPERATING  COST :

$/AIRCRAFT MILE 4,695  3.200 __2.526 _2.229 __ 1.915__ 1.746 _ 1.576_ 1.490  1.439 _ 2,206 1.R86__ _1.730

$/FLIGHT HOUR 813,9 T0l.6  675.8  650.0  622.7 607.9 590.6 580.7 574.l- £39,9 616.9 602.6

$/SEAT MILE _0.0939 _0.0640 _0.0505 0,0446 _0.0383  0,0%49  0.0315 0.0298 0.0288 0.0441 0.0377__0.0346

$/SEAT-TRIP 2.35 3.20 3.79 4,46 5.74 6.98 9.46 11.92  14.39 8.82 11.32  13.84




M=-80-50

DEPARTURE PATH TO 16,)00 FT ¥SL
MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. CBSTACLE HEIGHT=100,. MAX ACCEL ROYTATION RATE=20, ACCEL RBUILRUP TIME= Se

TIME  DIST ALY VEL  ACC GAM THRUST  LWGD _LWGI DWGO__DWGI__DFUST ALP _ THE _AWO ALV _LAMDA ___ My LT ROWER__
SEC FT FT FPS - 6  DEG LB LB L8 LE La LB ODEG DEG DEG DEG & Hp
‘ OBSTACLE CLEARANCE
3.1 4. 7. 3. 0.050 60.0 46909, 0. -585. O»  765.. 1. 29,3 24.6-35.4 28,8 0,0853 0.0020 0.0139 6442,
4.0 T. 13. B. 0.17! 60.0 51647,  —4. -Tl4, __ 2. T00. _ 13, 26,5 24.6=35.4_24.8 0.0929 0.0054 2.0154 7560,
5.0 13, 23,  13. 0.162 60.0 €1265. ~—10. -727. S. 656, 2B. 26.7 24.6=35.4 23.6 0.0946 0.0GC93 0.0152 7776,
6.2 24, 42,  1B. 0.12% 60.0 49719, —19. =720,  10._ 604. _ 54. 27+5 24.6-35,4_22.5 0.0996_U.0127 D,0148 7776, __ . _ .
7.9 43, 75.  23. 0.052 60.{ 48536. =32, -723. 1l6. 58T, 90. 28.3 24.6-35,4 22.0 0.1020 0.D168 0.0144 7776,
_ B.s 53,  100.__ 2%. 0.057 60.G 47245, ~48s —725. _ 24. 56l. 134, 29,1 24:6-35.4 21.3 0.1048 0,0210 0.0141 7776,
ACCELERATION AND CONVERSICN
9.5 T6.  124e 33, 0.167 52.0 46714, —B6« =992,  26a__330._ 133, 29,8 24.6-2T.4 21.3 0.1071.0.0767 0.0138_ 7776,
1024 104.  L4Bs 40« 0.173 41.1 450648. -172. —1337.  28. 216.  99. 40.5 24.6-16.6 25.8 0.1084 C.0413 D.0l36 7776,

11.72  139. 171, &9, 0.175 313.7 45E&6. —184. =1656, 27. 173.__ 69. #B8.5 24.6 -B,7 28.5 0.1078 0.0575 9,0137 M?le.
12.1 183, 194, 5T. G.176 27.7 45925, 88. =1930. 26, 153.  51e 54.0 25+6 —3.1 28.56 0,1076 0.7731 3.0137 177Ta.
13.0 235, 217._ 66, 0.181 23,7 45962, 452, -2193._ 35, 146, _ 44s 5T.6 24.6 27,3 0.1073 60988 2.C13T_ T7Th,
13.8 7292, 239, 75. 0.190 20,6 45GE5,  G15. ~2475.  55. L48.  48. 59.9 24.6 25.3 0.1071 0.104% u.0138 7776,

3.9
4.0
l4a 6 358, 260. 84, [.189 18.2 45881, 148). -2781. B5. 155. 63, 62.0 24.6__6.4 23,1 0.1071 G.1199 72,0137 7776,
B.3
9.8

15.5 433, 282,  Sh4. 0.186 16.7 457C0. 2149. -3127. 125. 166. Su. 63.T 264.6 20,T D.1073 0.1356 0.0137 7776,
16.4 525, 306.  lU4. 0.169 LA.B 44452, 2924. -2333. 176, 116, 127. 64.7 24.86 17.9 0,1101 0.1498 0.0133_ 7776,
17.2 619, ~329. 113. 0.182 13.5 42173. 3804, -865. 237. T2. 176, 63,1 24.6 11.1 15.2 0.1142 D.1615 J.[l?ﬂ 1776,
18.1  726. _ 352._ 123, 0,174 _12.4_ 4053, 4791. _ 729. 308, Tl. 236. 62.3 24,6 12,2 12.8 0.1198 D.1764 02,0122 1176,

19.0" " B4b.  377. 133, 0,169 11.5 38351, 5834, 24l4, 390, 110. 307. 61,0 24,6 13.1 10.6 0.1267 9.1783 a.011% TT76.
20.0 995, 403. 143. 0.156 LC.7 357C1. TOA3. 4239, 483, 187. 389, 59.7 24.6 13.9 _ 0.1358 (.2401 0.2107 _ 7776,
2.1 1145. 43l. 152. 0.146 10.0 32902. B389, 617T. 585, 296, 482, 57.7 24.6 14.6 0.14T2 0.2133 U999 T774.
22.3 1345. 464, 1€2. 0.12% S.% 29642, 9R00. 33146, 699, 442, 5B6. 55.8 24.6 15.2, D.1629 0.2171 0.0080 77764 Y
23,7 1577, 500. 172. 0.114 8.8 26447. 11316. 10553, 822, 6l4e  Til. 52,2 24.6 15.8°

_ ! . L2 e 11 0,2090 042175 1,0170  TT16.

27.0 2183, 588, 192. 0.4R9 20660, 14058, 14562, L1019, 934, BBE. 44.0 23.8 15,9 D.2341 0,2137 0.0062 T7Té.
9 0,2575 0.20731 23,0457 T774.
0.2857 0.1993 J.0J51 7776,
D.3186 DJ1TET 0.0046  T776,
0.3520 Ca1473 0,00642 77176,
0.3856_0,00348 3.5039__ 7116,

28,8 . 25%9. 635. 202. 0.08%
3.8 28572. 687. 212. 0.079

7
7 18607, 14S87. 15824. 1052._1009. 921. 40.6 72,9 15.4 1
7
32.8 3409, T4L. 222. 0.078 &
&
3
&

",
7
5
T4,3 0.1825 0.2208 0.0080 1776, o
25.2 1851,  540. 182, 0,1C2_ B.3 23114, 12936. 12953. 956, 816, 8264 47.2 24,6 16,3 3.
V9 2.
i
16567, 15945, 17153. 10B83. 10B8. 958, 36,0 22.1 14,9 1
B
34.7 3848. T90. 232. 0.082 0
6.6 4295. B39, _242._0.003,

13953, 17995, 223014, 1171, 1259, 1045, 21.9 20.7 l4.2 ¢

.
.
.
.
.
-

| D‘C‘b o klN eyl

¥ .
5 e’
2 .
B 15721. 16925, 18550, 1126, 1172. _9%8._30.0 21.% 14,5 1.
5 .
3 .
1 .

o 12834, 19C79. 21543, 1216. 1350, 1993. 12,3 20,1 13,9 0O
3p.5 47158, 889, 247. 0.083 a
AIRPLANE MODE CLIMB TO 10,000 FT

3%.5 4758, 889, 24B, (.0 l€.1 157¢e.
178.4 422323. 10030« 285. 0.0 13,4 13754,

12769, 157C4. 22528. 1742. 1403. 1121. 6.2 19.8 13.7 0.40L0 D.54%%46 VL0038 TT7T6.

NOISE AT 500 FT SIDELINE= 95.0 EPNCE

TIME 1.87 4.5 T.5 10.% 13.5 16.5 19.5 22,5 25.5 28.5 31.5 34.5 37.5 42.0
PAL 93.2 94,0 93.4 92.2 90.7 B87.8 82.9 7TT.0 70.8 66,1 62,2 57.8 52,9 51.9

NOISE AT 20,000 FY SIDEL INE= 60.7 EFNCB

KOISE 25,000 FT_FORWARD OF TAKECFF PLINT= 58.6 EPNDB

THE TOTAL NOISE IMPACT IS (.50B6SD+08




TILT ROTOR DESIGN PROGRAM 1974

BO2.

Q-80-50 . . A e __DESIGN ITERATIANS: 5 e e
__OVERALL PCWE RPLANT FUSELAGE STRUCT TECHNNLAGY FACTORS =
GRNSS WEIGHT (LB} 47984, INST NDRMAL PWR {HP) 8784, *LENGTH {FT) ag.0 =ROTOP, 1.00 z
EMPTY WEIGHT (LB} 33861. ANUMBER NF ENGINES .2e_ *DIAMETER (FT) =~ 10.0 _ *TRANSMISSION _D.83 :
FUEL WEIGHT (LB} 39713, *EXCESS FACTOR HEL MODE  1.40  #DRAG FACTOR 1,00  HAIRFPRAMF 0.78 :
PAYLOAD (LR} . . 10150. __ %% PAYED EMRG HVR ____ . 140 ____ . . *ENGIMF {HP/LB)_ ———__.B.50 :
CRUISE SPEED {MPH} 411. * CONV + CLIMB 120. FLAT PLATE AREAS (SF) ‘ENGINF TINSTALLATION L.54 =
LD CRUISE 10.55 » CRIJISE 90, WING PROFILE 4023 B
"*RANGE (STAT Mi) 500. TNST PWR FMAG HVR (HP) 8784, FUSELAGE 5.31 DFSIGM MTSSIMNN 4
*PASSENGER SEATS 50.  CCNVER _(HPY} 6572.__  EMPENNAGE _ __ ~  2.54  »FIELD ELFVATION (F¥) _ __  Oe.
*CARGO (LAY 0. CRUTISE (HP} 8287. TOTAL PROFILE 14461 SOUND SPEFD WVR (FPS) 1117,
_ ®SFC {LB/HP HE) _0.500 WING INDUCED _ 2,29 _ =5TD DAY TEMP (DEG F)_ 56,
ROTORS *EMERG HOVER ALT (FT) 2000, -
______«DISC LCADING (PSF) 9.00 DRIVE SYSTEM _ COMPONEMT WEIGHTS (LR) =HOT DAY TEMP (CEG F} 9Se____ "
RADIGS [FT} 29,17  =EFFICTENCY 0,97 ROT QRS 5471. =CT/S5IG MAX 0. 150
SOLTIOTTY o D.179 FEL MGDF WEIGHT {L8)  STl4w_  DRIVE SYSYEM 6248,  AMAX ACCELERATION (G)__ __ 0.25.
BLADE CHNRD (FT) 2.11 AIRPLANE WEIGHT [LH) 6248. POWERPLANT 1550 . XDESIGN CRNISE {(MAH) 400,
TOTAL BLADES N ¥ o e _ NACELLES _206. __%CRUISFE ALTITUYDE (FT) __15000.
*CT/S51G HIVER 0. 120 WING FUEL SYSTEM 323. STUND SPEED CRSE IFPS)  10S8.
___*PROFILF DRAG COEFF 0,010 ARFA_(SF) 6404 WING 41L1, “MAX DECELFRATIDN (G} 0,203
— 2 DCWNLDAD 4.9 *LOADING {PSF) 75.0 FUSELAGE %4638, «STRIICT LnaD FACTOR 4 .5
*EFFICTENCY HOVER 0.85 ASPECT PATIO 7,72 EMPENNAGE 916,  AFLIGHT CREW e
* CONVER 0.83 SPAN {FT} 70.3 LANDING GEAR 1440. =LABIN CRFW 1. H
CRYISE D0.71 FEAN CHORD (FT) 9,11 FLIGHT CONTROLS ° 2120,  *ATC SPEFD L;ﬂ;{ﬁfﬂ_ﬁ;,#_kﬁyfsja
HEL MODE WFEIGHT (LR} 5270. RTHICKNESS/CHDRD RATIO  €.210  HYDRAULICS 283,
ATQPLANE WEIGHT ILB) 5471. *TAPFR RATID £.70 ELECTRICAL ) 182,
=TIP SPFED HOVER ~—~~~  4ap, SWEFP {DEGI —5.13 INSTRYAVIONTCS 703,
* CRUISE 4A0, CRUISE L IFT CNEFF  C+28 __ AIR CONDITIONING 1150,
*=FUSELAGE CLEARNCE (FT} 2.0 ¥AX LIFT COEFF CONVER 1.76 FURNISHINGS 2900. R
*MAX HEL MODE ADV RATIO  ©.40  #Max LIFT COEFF CLEAN _ 1.40 __ FLUIDS 240,
) ®FLAP AREA/WING AREA Ge25 FLIGHT CREW 420.
__* INDICATES INPUT VARIABLE CLI¥B SPO/CCAVER SPD 1.2 CARTIN CREW 150. R
DESIGN MISSION  SPEED FEIGET DISY TIME _ FuUfL o o
MPH FY Ml LH LA .
TAKEQOFF K LANDING . 2400 80. . _ } . o :
ACCEL. £ CONV. 10c0. D.B "0.61° 31, :
AIRPLANE CLITMB 157.4195, 14800, 11,6 3,94 189, -
o ACCEL. TO CRUISE 9.5 1.73 CER :
CRUTLSE ] o CAlle 4434 B4, M4_ 2739, o e
ATRPLANE DESCENT 411.4292. 14000, 33.9 6.03 34. :
DECEL. & CONV. L 1G60Q. 0.8  1.12 8, -
TOTAL 500.0 80.16 3171,
_RESERVE_ _ 20,00




0-90-50

STAGE LENGTH (MI.) 25. _ . s§C. 75. 10U. 150, 20C. _  300.___ 400, __ 500. .
CRUISE ALTITUDE [FT.) 20304 400C, 160 . 12500. 15D03C. 150Z0. 1500J. 15002, 15030,
CRUISE SPEED (MPH) 296, 305,  4Ch. 410, all, 411, 411, 411, 411,
CRUISE L/D 12.37 12,37 8,36 9.98 10,55 10.55 10,55 16.55 10.55
CRUTSE OISTANCE (MI.) 17.6 35,8 32.7 50,13 92.7 _ 142.7  242.7  342.1 _ 442,97 _ . S
RLOCK TIME (MIN.} B.7 13.8 17.4 214 - 2%9.1 364 51.0 65.6 80.2
BLOCK FUFL (LB} 274, 401. 564. 707. 1019, _ 13%2. 1952, 2564, __ 3&T._ ——
BLOCK SPEED [MPH) 172, 218, 255, 280. 309, 330. 353, 366. 374,

DIRECT OPERATING COST .- ANN UTTLIZATION(HRI=Z000. ODEPRECIATION PERIODIYRI=10. LAROR RATE(S/HR)= 7.00

AIRFRAME COST (&/LA)= 80.0 ENGINE CCST ($/HP)Y= 60.0 INSURANCE RATE=0.040 _ FUEL CQST {CENTS/GAL = 18,0

DNC=1.72+#0.0280%S5L $/SEAT-TRIP {SL= 25.,500.)
HOP LENG THS S0+15C+ O+ 0+ 0=200 120420G+ O+ 0O+ 0=323 200#232+_ 0+ 0O+ 0O=400 e ——— -
STAGE LONGYH  2%.  50. 1%, 1GC._ __ 150. ___ 200, 300, 400, 500, 200. 300, 4035 .
NN, CYCLFS/STARTS /1 1/1 1/1 /1 1/1 171 171 /1 171 271 2/1 271
FL IGHT CREW D.556 0,440 c.37¢C 0.341 0.309 2.290 0.271 Ge261  0.256__ 04358 _ _0.318 (0,298 R
FUEL & NiL 0.335 0.223 0.209 0.157 0.189 0.185 Da191 0.178 0.176 0.197 0.18% c.18%
HULL INSURANCE 0.362 0.286 G.241 0.222 0.201 0,189 0.176 0.179, “Galks, 0,222 0.2040 G.189 _ e
TOTAl FL IGHT OPS 1.222 0.949 0,720 D.759 0.5699 Deb64 D.628 0,610 0.5%98 0.778 D.706 U672
LAROR ATKFUAME 0,503 0.3230  0.757__ ©.223_ U.18B _ D.169 __ D.150 _ G,.14) g.135 0e222 G.184 J.168
MATERIAL AIRFRAME 0.212 0.130 0.C48 0.(0R3 V.68 0.262 0.051 C.047 D.045 0L.O81 G.066 a.058
LAROR FNGINES 0.319 0.171 0.121 0.057 0.073 0.360 U048  D.041 Q.0G328 __ 0,088 | 0,066 2,356 .
MATERTAL ENGINES 0.495 D.262 0.183 0.145 ND.106 0. 2186 0.066 0.0D57 0.051 0.128 . 095 J.078 =
MAT, BURDNDEN 1.057 0.651 C.491 D.41T7 D.339 0.298 | 0.257_ _ 0.237. 0,224 __ 0,402 0.328__ 0.291__ . _n_ék_
TOTAL MATNTENANCE 2,569 1.543 t.151 0.565 0.774 3.674 0.573 L5523 D.493 0.921 0.Tul 0.651
GEPRECIATION 1.040  0.R23  0.692_ _ 0,638 0.579  0.543 0,537 0,489 0.479 G640 0.575 3.543
TOTAL. NDIRECT OPERATING NST
$/AIRCRAFT MILE 4.832 3.315 2.663 2.363 2.052 1.981  1.70B _ 1.422_ 1.569___ 2,338 2.922  1.866 .
$/FLIGHT HIOUR B83L.é T21.3 688.8 4£2.8 634.9 620,1 603.1 593,4 5B7.1 654, 629,98 615.3
$/SEAT MILE 0. 0966 ©0.0663 0,0532 0,0473 00,0610 0.0376 _0.0342 _0.0324__0.0214__0.0468__ 0.0404__0,0373 R
$S/SEAT-TRIP 2a42 31.32 3. 99 4.73 6. 56 T.52 10.25 12.97 15,69 9.35 12.13 14.93
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Q-80-50

DEPARTURE PATH TO 10,000 FT mMSL

MAX FUSE ANGLE=20. ORSTACLE CLEAR ANGLE=60. DBSTACLE HEIGHT=100. MAX AGCEL ROTATION RATE=20, ACCEL BUILOUP TIMF=_S,
TIME DIST  ALT VEL ACC GAM  THRUST  LWGO _ _LWhl_ OWGO DWGI_ DFUST_ALP_ THF__AWQD ALV __LAMDA__ M)  CY _ POWER
SEC FT FT FPS G DEG LB Le L& 1B L8 LB DEG DEG  DEG DEG Hp
__ OBSTACLE CLEARANCE
3.1 A 1. 1. 0.050 60.0 50914, -1. -632. 0. B23. ° 1. 29.3 24,.6-35,4 28,7 0.0954 2.0026 0.0174 5971.
4.0 T. 13, S B. D171 60.C 56048,  =5. =T68. 2. T40. 10 2645 _2%.6=35,%_24.5_0.1050_0.0070 0.0192 7T085.
4,7 . 12. 20. 13. 0.221 60.0 S82J4. -13, =822, 6. T21. 28, 25.5 24,6-35.4 23,2 0,1119 0.0116 0.0199 7771,
5.6 19. 33. 18, 0.179 0.0 56344, _=26.  —=8B36. __ 13,  834. _ 55. 26.3 24.6-35.4 22,9 0.1156_C.0L57 0.CG193 7T¥7l. E
6.7 32, 56. 23, 0.136 £C.C 54588, -42, =832, 2l. 606, 90, 27.2 24.6~35.% 20,3 0.119% 0.0208 0.0187 7171, =
__ B.& _55,. 95, 28, 0.093_60.C_ 528CH. —63. —B28. 31. 577+ 135, 2B.2 24.6-35,4 19,6 0,1234 C.0262 0,C181 7771, =
8.5 58, 100. 28, 0.055 60,0 S1270. -88. -837. 43. 560. 188. 29.2 24.6-35.% 18.9 0.1271 G.032) 3.0176 T771. z
ACCELERATINON AND CCONVERSICK ) o , i o T
5.5 - 89, 129, 37, G.156 S2.7 49906, =139. -1392. 45. 353. 173 29.6 24.6—-28.1 (3,2 0.1305 0.0374 0.Gt7L 7771. =
13.4 109. 156. 44. 0.1T2 42.5 49719, =261 -1482. _46. 259, 132. 39.3 24.6-17.9 22.0 0.13G9_0.0570 0.G171 T7Tl. . _ -
1l.4 151.. 185, £2. D.158 35.0 4%982., =-391. —i849, 48, 211, 9T 47.8 26.5-10.% 24.0 0.1301 0.0784 2.0172 7T77L.

12.3 201, 2l4.  60. 0,160 _29.5 50053,  —3D. —~2203,  4&l, 190, 13, 53.1 24.5 —4.9 23.7 0,1257 G.(982 9,0172 TIT7L.
13.3777259.7 241. 69. 0.169 25.4 £012B.  449. —2574.  49a 185,  &la 5645 24,6 ~0.8 22.3 D.1297 0,1192 0.0173 T771L.
14.2  326. 26B.  78. 0.167 22.3 SACT1. 1054, -2979.  70. 189.  &0. 5%.4 24.6_ 2.3 20.4 0.1291 0.,139% 0.G173 _ 771,

15.1 404 296. 87. 0.163 19.8 49933, 1793, ~3435. '105. 201, Tle 61.7 24.6 4.8 1B8.3 Gel291 Gal6N0 0.0172 7771,
16,1 497, 326, _ 9T, 0.15% LT7.8 48389. 2661. -3044. 153. 168.  93. 63.1 24.6_ 6.8 15.9 0,1312 0,1792 0.01£9 T77l.

17.1 5990. 353. 107. O 171 L6.1 4TCC9. 3668, —1261. 216, 104. 126. 615 24.86 8.5 13.4 0.1363 (.1970 0.0163 TI71.
8.1 712, 3B85. 116. 0. 143 14.8_ 44166G. 4813, _ TTl. 292, 58, 170, 61.9 24,6 9,8 10.9 G.1%46 00,7129 0,6153 7771,

19.37 7 B49. 418, 126. 0,138 13.6 41336, &095., 2871. 381, 145. 225. 60.6 24,6 11.0 9.0 0.1540 0.2289 ¢.0143 T771.
20.5 1011, 455, 136. D127 12.6 3BDS3, 7515, 5171. 485, 240, 292. 59,1 24.8 12.0 7.2 0.1667 0.2430 0.0132 7771,
21.8 1203, 455, 145, 0.115 11.7 74558, 9073. 7661. 602+ 379. 3T0. 56.9 24.6 12.8 5,7 0.1832 (.2547 0.0120 7771. H
23,3 L4311, 539, 155. 0.104 11.0 20782. 10767. 18351, 733. 560, 459: 53.7 24.6 13.6__ 4.4 0.70654 0.2621 J2.G1OT T77l, !
25.0 1703, $R3. 165« 0.093 10.3 26800. 12597. 13267, B78. T02Z. 3558, 49.1 24.6 14.3 3,2 (,2359 0.2619 2.0693 7771,
_26.8__ 2019, 643, 175. D.CE5 _ S.T  228CT, 14562, 16380, 1036. 1042, 669. 42.1 24.6 14,8 2.2 0,72763 0,2412 0.0080 77T,

- 28.8 2377, 701. 1B5. 0,079 9.7 19516, 16301, 19133, 11607 1269, 759 34.0 24.2 15.0 1.4 0.3275 G.2156 0.006R 7771,
30,8 2768, T6l. 1595. 0.076 B.7 17456. 17459. 20886. 1206, 1375. 198, 27.8_ 23.3 14,5 1.9 D,%6R3 0,1948 0Q,0061  T¥71.
32.8 3lat. 819, 204. 0.CTS B.3 15835, 16712, 22733. 1260. L4AT. B843. 19.1 22.5 14.2 0.6 0.4088 0.1400 0.0055 777T1.
34.8 3588, 878, 214. 0.073 7.5 14592, 20008, 24672. 1317, 1605._ 893. _ 8.5 21.% 13.8 0,2 0.4470 0.7687 0,005 T7T1._ .
37.0 4375, 943, 224. D.C71 TF.& 13857, 21385. 2659R. 1380. 1717. 943, =3.2 21.1 13.5 0.0 C.47T12-0.9347 0,0049 7771,
39.2 45R2. 1009, 23d. 0.070_ 7.4_ 13510. 21421. 26562, 1331, 1650, 919, —3.2 20.3 12,9 0.0 0.4835-0.0770 0.0048 7771,

“TTTTUATRPLANE MODE CLIMR TO 13,000 FT
° 39,2 4582. 1009. 23l. 0.0 15.8 lokét.
189.0 41707, 1C00C. 265. 0.0 13.2 14537,

NOISE AT 500 FT SIDELINE= 90,0 EFNCE. o ‘
TIME 1.5 4.5 7.5 10.5 13.5 16,5 19.5 22.5 25.5 28.5 31,5

TPNLTTT BB.2 89.2 88.5 7.1 BS.E 8Z.7 TB.3 3.2 67.7 62.1 57,7

"NNISE 500 FT FORWARD DF TAKEOFF PCIAT= §1.0 EFNCB

g e

NOISE AT 20.000 FT SIDEL INE= 56.6 EFNCA

PRI

NDISE 25,000 7 FORWARD OF TAKECFF PCINT= 54.5 EFNCB

THE TOTAL NOTSE IMPACT 1S 0.21649D4C6




TILT ROTOR OES IGN PROGRAM 1974

D-80-50 5

R .. . DESIGN ITERATIONS:

L. OvERALL POMWE RPLANT FUSELAGE STRUCT TECHNOLOGY FACTQORS
GROSS WEIGHT (LA) 51506, INST NORMAL PWR (HP) 8328.  *LENGTH (FTI 80.0  *ROTOR 1.00
EMPTY WEIGHT {LB) 377178, _ *NUMRER O0F ENGINES_ . 2.___*DIAMETER (FT} 10,0 *TRANSMISSION ... 0.83
FUEL WEIGHT {LB) 3978.  *EXCESS FACTOR HEL MODE  1.50  *DRAG FACTOR 1.00  *AIRFRAME 2.78 :
PAYLCAD (LA} 10150, _ #2 RATED EMRG HBVR _ __ L4Qa_ e ®ENGINE [HP/LA)_ . ._B.50 E
CRUISE SPEED {MPH) 351. % CONV + CLIMB 1200, FLAT PLATE ARFAS (S$F) RENGINE INSTALLATION 1.60 =
— U/D gRuUISE - 12,52  +  CRUISE 90 - WING _PROFILE -5.49 7
=RANGE (STAT MI} 500, INST PWR EMRG HVR (HP) 8328, FUSELAGE 5.43 DFSIGN MISSION z
*PASSENGER SEATS 50. CONVER (HP} 6710. EMPENNAGE 3.29__ *FLELD FLFVATION (FT) _ G. .
#CARGO (LR) 0. CRUISE tHP) 1781, TOTAL PROFILE 17.19 SOUND SPFFD HVR (FPS) 1117.
) . ®SFC (LB/HP HR) . _ 04,400  WING INDUCED 3,75 =STD DAY TFMP (DEG F) 509, -
RNTORS ®EMERG HOVER ALT (FT) 2000, z
. =DISC LOADING (PSF) 7.00 DRIVE SYSTEM COMPONENT _WEIGHTS (LB} FHOT DAY _TFMP LDEG F) 95, I
RADIUS (FT) 34.4  *EFFICIENCY 0.97 ROTNRS 6541,  *CT/S1G MAX 0.150
SOLINETY C.200 FEL MODE WEIGHT {18} 7634, __ DRIVE SYSTEM __ 7B25. __ *MAX ACCELERATION (B)_ (.25
BLAOE CHORD {FT) 2.70 AIRPLANE WEIGHT (LH) 7825, POWERPLANT 1470.  *NESIGN CRUISE (MPH) 340,
TOTAL BLADES ; 16 _ B __ NACELLES . ___ 181, =CRUJSF ALTITURF (FT)___15000._ _
*CT/STG HOVER 0.120 WING FUEL SYSTEM 324, SOUND SPEFD CRSE (FPS). 1958,
___ YPROFILE DRAG COLFF €.210 AREA (5SF) 824. WING 4872,  ~MAX DECELFRATION (G) 0.20
T DOWNLOAD 4.7  ®LCACING [PSF) 63.0 FUSELAGE 5735,  *STRUCT (0AD FACTOR 4.5
*EFFICTENCY HOVER C.85 ASPECT RATIO T.91  EMPEWNAGE  _ __  1Gt2.  =FLIGHT CREW e 2e
* CONVER 0.83 SPAN (FT} B0.7 LANDING GEAR 1557,  *{ABIN CREW ls o
CRUISE _  0.64 FEAN CHORD {FT) L __ .21 _ FLIGHT CONTROLS . 236R._ *ATC SPEED LIMIT ___YES I
HEL MODE WEIGHT (LB} 6474.  *THICKNESS/CHCRD RATIO  C€.210 HYDRAULICS 295, E;
AIRPLANE WEIGHT (LB)  £541, #TAFER RATID .70 ELECTRICAL at4,
T ETIP SPERED HIVER 4004 SWEEP {LEG) ~5.3 THSTR+AVIONTCS 1213,
* CRUISE 490, CRUTSE LIFT COEFF .32 __ ATR CONDITIDNING 1150, o
*FUSELAGE CLEARNCE (FT) 2.0 ¥AX LIFT COFFF CONVER 2.16 FURN ISHINGS 2500,
®MAX HEL MODE ADV RATIO  0.40 _ *NMAX LIFT COFEFF CLEAN t.40 - FLUIDS  _ _ 260. .
®FLAP ARFA/WING AREA 0.25 FLIGHT CREW 406.
* INDICATES INPUT VARTABLE CLIMA SPR/COAVER SPD 1.35 CARIN CREW 153. -
DESTIGN MISSION SPEED _CFEIGFT  DIST TIME FUEL . . _ _ . .
MPH FT My MIN LB
TAKEOFF £ LANDING o209 Mbe_ e =
ACCEL. £ CONV, 1400, 1.0 0.81 42, -
ATRPLANE CLIMH 148.41%2, 13600, 12.1 4443 £99. T
= TTTTTTTACCELY TO CRUTSE 5.7 1.21 csa, Z
- CRUISE 351,  444.5  15.94 2798. ) _ :
T AIRPLAME DESCENT 351.r2B4. 13600, 35.6 6.T6 36, z
DECEL. & CONV. R _ 1400. 1.0 1.3% 10. o } ——— T
- TOTAL 50C.J  92.50 3218, z
RESERVE o 20.00 160,




D=-80-50

STAGE LENGTH (MI.) 25. _  5C._ 5. 100.__ _150.____ 20G.._. _300._ _ 400.__ SO0, .
CRUISF ALTITUDE (FT.}  2000. &00C, 1GOC1. 12500. 15000. 15000. 15000. 15300. 15000,
. CRUISF SPEED_(MPH) 296, 305, 354, 1g3, 351, 351, 35]. 151, 353 .
CRUISE L/D 11.57  11.57 11.19  11.84 12,52 12.52 12,52 12.52  12.52
CRUISE DISTANCF (MIL)  17.9 36.C 37,8 54.5___ 94.5__ 144.5___ 246.5__ 344.5  444.5 e _
BLOCK TIME (MIN,) 9.1 14.2 18.8 23.5 32.7 41,2 58.3 T5.4 92.5
BLOCK FUEL (LB.] . 303,  45t. _ 579. . 722, 1028, 1347, 1978,  2602.  3218.
BLOCK SPEED {MPH) 165. 211. 2139, 255, 275, 291, 309. 311, 324,

DIRECT ~NPERATING COST —

ANN UTIL TZATICN(HR)=2000.
AIRFRAME COST ($/LBY= 80.0

DOC=1.73+40.0335%5L $/SEAT-TRIP {SL= 25.,500.)

DEPRECIATION PERIGD(YR)=1u.
ENGINF COST [$/HP)= 63,0 INSURANCE RATE=0,040

LABOR RATE{S$/HR)= T.00

FUEL _COST (CENTS/GAL)=z 1B.Q

HOP LENGTHS 50+150+ O+ 0+ 0=200 1004200+ O+ O+ Q=300 2004230+ 0O+ 0+ (=470 .

STAGE LENGTH ~ 25,  s5p, 5. 1cC. 150, 200. 307, 403, 500, 200, 300. 500,

ND. CYCLFS/STARTS 171 iri 171 171 171 1/1 171 171 141 2,1 - 221 271

FLIGHT CREW 0.568 0,445 0,392  0.368  U.341  0.322  0.304 __0.295 _ 0.283  (.382 __ _0.348 __0.330

EUEL £ OIL 0.338  0.25L  0.215 0,201 0.191  0.187  0.183  0.181 0.179 0.226  0.192  0.1a87

HULL INSURANCE G.413  0.2230 0285 0,267 0,247 0,234 9,221 ©.214___0.210 _ 04266 0,245 G.234 o
TOTAL FLIGHT 0P$ 1.319  1.019  0£.852 0.835  0.779  G.74% 0.708 ©.689  0.678  G.8546 0,785  0.751

LABOR AIRFRAME  0.533  0.348  0.281__ 0.249 0,214  0.194__ 0,175  0.165  0.159  0.245  0.211  0.193

MATER[AL AIRFRAME  0.235 0.14% 0.112  0.0S6  0.080  0.071 0.062  0.058  0.055  0.093  0.077 007

LABOR ENGINFS 0.307  0.169  0.122  0.(59 _ 0.075 _0.063  0.051 0,045 _D.04L_ 0.099__ C.069  0.05¢

MATERTAL ENGINES 0.463  0.250 0.177  €.141° ° 0.105 7 0.986 2,97 0,058  0.052  0.12%  2.094  d.a18

MAT. RURDEN o 1.093 0,673 | 0.524  0.451  0.376  0.335_ 0.293 _ G.272 __ 0.260__ 0.436 _ 0.364 0,327 =
TOTAL MAINTENANCE  2.632  1.584 1.216 1.035 0.850  0.749  D.648  0.598  0.568  0.985 0.815  ¢.727 N
DEPRECIATION 1,180 Ga523  C.Bl4  0.763  0.T0B_ 0.669_ 0,631  0.51l2 0.600  0.762  0.701 0.869 o
TOTAL DIRECT OPERATING COST

$/ALRCRAFT MILE  5.131  3.526  2.922 2,633 2,336 _ 2,162__ 1,987 __ 1.899 1,846 2.605  2.300  2.148

$/FL IGHT HOUR B46.4  T43.6  658.5  6T1.3  643.0  629.1 613,277 604.4  598.T  666.1  639.2 6248

$/SEAT MILE _  0.1026 0.07C5 0.C584 _0,9527 0,0467 0.0432 0,0397  0.0380  0.0369 0.0521  0.C460 _ 3.0430

$/SEAT-TRIP 2.57 3.53 4,38 5.27 8.6% 11.92 15,19 1B.46 10.42 13,80 [7.18
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DEPARTURE PATH TO 10,000 FY MSL

MAX FUSE ANGLE=20. OBSTACLE CLEAR AMNGLE=£0. OBSTACLE WMEIGHT=100. MAX ACCEL ROTATION RATE=20., ACCEL BUILDUP TIME= 5, e
TIME  NIST  ALT  YEL _ ACC_ GAM_ YHRUST  LWGD _LWGI OWGO OWGI_ DFUST_ALP  THE AWQ_ ALY LAMDA My €T POWER
SEC FT FT FPS 6 DEG LB Le L8 LB L8 LB DEG DEG ODEG DEG He
ORSTACLE CLEARANCE
3.1 4. 7. 3. 0.050 60.0 65026, -l. -651, 0. B4az. 1. 29.3 24.6-35.4 28.6 0.1013 G.0031 0.0195 5674
4.0 7. 13. 8. 04171 6C.0 _&0581. -6, —797. 3. 752, 10. 26.% 24.6-35.4 24,2 0.1121 0.0083 0.6215 &6773.
4.7 12. 20, 13, 0.227 60.C 63177, —16. -880. 8. T04. 28, 25,3 24.6=35.4 21.8 0.12C2 0.0134 0.0224 7495,
5.4 17. 30,  18. 0.229 8C.0 E1336. _ -32. -913.. 16, 86T« 55s _25.3 24.6=35.4_20.3 0.1267 D.0187 0.0225 7887, .
6.3 27. 48. 23, 04175 €0.C £078B6.  —52. —-907. 26. 604  9b. 26.4 24.6—35.4 1B8.8 0.1320 D.0240 0.6216 7887,
7«5 44, T6.__ 2R, 0,129 _6G.C_ 58713, —7T8. -911.  39. 584. 135. 27.4 24.6—35.4 18,1 0.1367 0.0305 23,0209 7887,
7.9 58, 102. 29, U.08% 60.0 656753, -1C9. —924.  5ba 667, 189s 2Bes 24+6-35¢4 17.3 Gulal4 0.0374 0.0202 TA8T,
ACCELERATION AND CCNVERSICN . o e o - o o
9.7 96. 155, 38, 0,090 55.3 54952, ~175. —L1111.,  65. #35. 216. 31.1 24.6-30.7 17.5 0.1460 0.048R 0.0196 7B87.
11,0 138, 200. 46, 0.115 46.7 53512, -321. —1470.  72._ 328._ 196, 38.0 24.6-22.1 18.5 0.1493 0.0695 0.0191 7887,
12.4  197. 247, 5%, 0,110 38,8 5391lé. =529, —18RT. TS5. 267. 151, 46,5 24.6-1%,3 2.3 0.14B4 0,0956 0.0192 TBS7,
_13.9  2t2. 296, €24 G107 23.0_ 54267, ~480._—2324.  Tle 238, L17. 52,6 24.6 =8.% 20.1 0.1472 0.1205 U.0194  7BB7.
15.2 352, 77339, 70. 5.121 '28.6 541373. 92, ~2803,  66. 230, 95, 56,0 24.6 -4,0 18.9 0.1465 D.1446 0.G195 7887,
16,5 444,  3B2.  79. 0,131 25,1 54357, 791, —3334. _ B0. 234, Bhe 59.2 24.6 ~0.5 17.3 D.l46L 0.1690 0.0195 TBAT. .
17.8  552.  42T7. RB. G118 22.3 54255. 1A4H, =3937, 1909, 248. BS. 61.T 24.6 2.2 15.2 0.145% 0.1937 D.0195 7887,
19.2  682. 474, _ 9B. 0,110 2C.1 52899. 2667. —3186. 156._ 198._ 98. 63,0 24.6 4.5 13.D 0.149] D.21463 0.0160 7837,
20.6 823,  520. 137. 0,114 18,3 59241, 3851. —1002. 219. 139, 121. 62,1 24.6 6.3 10.7 G.1564 0.2379 0.0LAL  T83T.
_22.0__ 97T, 567.  117. 0.110_16.7_ 47126s_ 5203. _L3TT, _298. 145, 157, 61.2 24.6 7.9 8.1 0D,1661 0.2558 0,017 7B3T.
23.4 1156, 616, 126, 0,106 15.4 43639, 6722, 3970. 395, 210. 203. 59.7 24.6 9.2 7.0 0.L7B7 0.2751 0.0157 TARHT.
25.1 1372, 67l. 13b. 2.094 14.3 36675, 8410, &PLB, 507, 330, 261, S57.9 24.6 10.3_ 5.5 G.1958 3.2910 uU.0l43_ 7887,
27T.1 1666,  Tal. 146, 0,075 13.3 35170, 10265, 9959, 637, 505. 330. 55,7 24,6 11,3 4.2 0.2204 G.23979 0.0127 7887, [l
29.5 2017.  819. 155. 0.067 12.5 30618, 12283. 13318, TB2, _725. _4l0. 51.% 24.6 12.1_ 3.1 0.2529 0,2062 U.otty_ 7887, 1
32,1 2438,  906. 165, 0.060 11.7 25502. l44b4. 16960, 944, 992, 50Ll. 44,9 24,6 12,9 2.1 0.2999 5.2952 1.0094 1687, o
_____ 34,7 2992,  995. 175. 0.C5% il.1_ 21652, 16804, 26877. 1121. 1305. 603, 34.5 24,6 13.5 1.3 0,3656 0.2529 0,0078 7887,
17.2° 3342, 1078. 185. 02.06% 10.5 11679, 19254. 24994, 1309.7 1653, 712, 18.9 24.5 l4.1 0.6 Gihkit 0.1509 G.0066  TA&T.
39.7- 3819, 1162, 195. 0,062 5.5 16484. 2G727. 27301l. 1374. 1790._ 759, 8,2 23,7 13,7 0.2 ,4873 0,0T19 2.0060 7887,
42.5 4394, 1257, 204, D.055 9.4 15£25. 223I0A, 29597, 1448, 1921. B12. —2.6 22.9 13.5 3.0 0.5148-G.0461 G.0L5F 7887,
45.4 5003, 1354, 203. 0.054 9.1 15C10. 72367, 29538. 1367, 1805.__ 7186, —2.8 20.5 12.4 0,0 D.5362-0.0357 J.0G55  78B%.
AIRPLANE MOE CLIMB TO 12,009 FT
45.4 5003, 1354._ 716. 0.0 14,5 Lebel, o
212.2 42602, 100C0. 267, 0.0 12.2 L4606,
NDUSE AT SO0 FT SIDELINE= B6.8 FFNCR -
TIME  _1.5 4.5 7.5 10,5 13.5 1£.5 19.5 22.5 25.5 28,5 31.5 e . )
PNL B4.8 85,9 B5.2 B3,5 81,9 79.8 TT.l 73.6 69.7 65.6 61.8

T MNOTSE 500 FY FORWARD OF TAKEQFF FOINT= B87.5 EPNCB

" NMOISE 25,000

MOISE AT 20,000 FT SIDELINE= S&4.4 EFACB

FT FORWARD OF TAKEDFF POINT= 52,5 EPNCE

... VHE TOTAL NDISE IMPACT IS

0,10338D+06 _

R TIPS M AT RENTRNTS
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TILT ROTOR DESIGN PROGRAM 1974

$-80-50 B T ... DESIGN _ITERATIONS: ! e
_ OVERALL POMERPL ANT FUSELAGE STRUCT TECHNOLQGY FACTIRS
GROSS WEIGHT (LB) 59672 IKST NCRMAL FWR (HP) 9190.  *LENGTH (FT} 80.0  *ROTOR 1.00
EMPTY WEIGHT (LB) = 44719,  *NUMRER OF ENGINES ___ 2.,  *DTAMETER (FT)_  10.0__ *TRANSMISSION  §,.83
FUEL WEIGHT (LB} 4803, *EXCESS FACTOR HEL MADE 1.65  *DRAG FACTOR 1.00  *ATRFRAME Q.78
PAYLOAD (LB) IC15D,  *% RATEDQ EMRG MVR .  _ 140. . e _RENGTME (HP/tBY B .50_
CRUISE SPEED (MPH} 284, * CONV + CLTMB 120. FLAT PLATE AREAS (SF} “ENGINE INSTALLATION 1.70
__L/D CRUISE 14.57 = __ CRUISE 90. WING PROFILE 7.85
TRRAMGE (STAT BT 590, INST PWHR EMRG HVR {HP} 9190. FUSELAGE 5.58 QOESTGN MISSINN
*PASSENGER SEATS 50. CONVER  (HMP)  Bl44.  EMPENNAGE A.TL _ SFIELD SLEVATION (FTY 3.
*CARGO (LB} G. CRUISE {HP} 9000, TOTAL PRAFILE 21.95 SOUND SPFED HVR (FPS) 1117.
B o ®SEC (LR/HP HR) _ 0.400  WING ENDUCED 9.58  *5TD DAY TEMP (DEG F1_ 59,
ROTORS “EMERG HOVER ALY {FT)  2000.
______ *DISC LOADING (PSFY 6.50 DRIVE SYSTEM COMPANENT WETGHTS (LA} *HOT_DAY TEMP IDEG F) 5.
RADIUS ({FT) 38,2  #EFFICIENCY 0.97 ROTORS 8491, ACT/SIG MAX 0.15D
SOLINETY . D.745 HEL MCOF WEIGHT (LB}  10790. _ DRIVE SYSTEM _ 10790, _ =MAX ACCFLERAVION (G) ____ 0.25
BLADE CHAIRD (FT} 3.68 ATRPLANE WEIGHT (LR} o222, PONERPLANT 1622. =ESIGN CRUISE (MPH) 28y,
TOTAL BLADES . 16 _ B o o __NACELLES 229« *CRUISE ALTITUDE (FT) 15904,
*CT/SIG HIVER 0.120 WIKG FUEL SYSTEM 447, $ODUMD SPEED CRSE (FPS) 1G58,
______*PROFILE DRAG COEFF C.010 BREA (SFI 1193, WING 5345, *MAK DECFLERATION (G} G.20_
£ NOWNLOAD 5.5 - *LCADING (PSF} 50.0 FUSELAGE 5825, *STRUCT LAD FACTNR 4.5
*EFF IC1ENCY HOVER 0,85 ASPECT RATID . 6.56_  FMPENNAGE o le3,  HFLIGHY CREW 2.
* CCNVER .83 SPAN (FT) 88.4 LANOING GEAR 1790, *CABIN C2FW 1o,
CRUISE ___ 0.51  MEAN CHORD [(FT)  _ 13.49__ FLIGHT CONTROLS 2882,  ®ATC SPEED L1MIT_ o YESI_
HEL MODE WEIGHT (LR} 8491. *THICKMESS/CHORD RATIO C€,210 HYDRAULICS 316, ~
AIRPLANE WEIGHT (LB) 8301, *TAPER RATI 0.70 - ELECTRICAL 1065, ] w
#*TIP SPEED HOVER 350, SWEER [(EGI ~5.6 [NSTR¥AVIONTCS 103,
» . CRUISE . 350. CRUISE LIFT COEFF__  0.38 __ AIR CONDITIONING 1150,
*FUSELAGE CLEARNCE (FT} ~ 2.0 MAX LIFT COEFF CONVER 2,24 FURNISHINGS 2500,
*MAX HEL MOGE ADY RATID  0.40  #MAX LIFT COEFF CLEAN  1.40,  FLUIDS 7?98, B
*FLAP ARFA/WING AREA 3.25 FLIGHT CREM 400,
* INDICATES [INPUT VARIABLE CLIMB SPD/CCNVER SPOD 1.4%9 CABIN CREW 150,
DESIGN MISSION SPEED _ FEIGHFT _ OIST TIME _ FUEL _ . .
MPH ET M MIN L8
s TAKEOFF &€ LANDING B 2400 B4,
ACCEL. & CONV. 1500. 0.9 ‘0.76  4é.
ATRPLANE CLIMB 14205175, 1350C. 12,3 4,66 230,
"ACCEL. YO CRUTSE 2.5 0.63 313,
_ CRUISE o 284, 483,56 93,79 3509.
ATRPLANE DESCENT  7284.,230. 13500. 39.8 9,34 55,
____ DECEL. & CONV, o 1500, ° 0.9 1.09 9,
TOTAL 500.0 112.28 3066,
_RESERVE 20,00 B837.




$-80-50

STAGE LENGTHM (MIL) 25, 50, . 75. _ 100..___150. __ 2(0.._ . 3G0.____ 400-__  500.

CRUISE ALTITUDE (FT.)  2000.. 4700. ~160Gl. 12500. 1501C. 1%000. 15030. 15000. 15009,

CRUISE SPEEN_{MPH) 296, 299._ 299, z8s, 284, 284, 284, 284, 205,

CRUISE L/D 11.02 11,51  13.06  13.84  14.5T7 14,57  L4.5T7 14,57 14.57

CRUISE DISTANCE (MIa) 18.1 0 36.6 | 40,3 54.B. | 93,6 143.6 _ _243.6.___343.6 __ 4&43.4 -

BLOCK TIME (MIN.) 9.1 14 .4 20.9 26.8 38,3 48.9 70.0 91.1 112.3

BLOCK FUEL (LB.} 365, 594. &79. 840. . 1216, _ 1617, 2411, __ 3194, 3966, _

BLOCK SPEED {MPH) 166. 299, 215. 224, 235, 246. 257. 263. 267.

DIRECT "OPERATING €OST = ANN UTIUTZATICNIRRI=2000. DEPRECTATION PERIOD(YR)=10, LABUR RATE(&/HR)= T.00 -2
AIRFRAME LOST ($/LB)= 80.0  ENGINE COST ($/HP1= 6).0  INSURANCE RATE=0,040  FUEL COST (CENTS/GAL}= 18,0 o

00C=1.TO¥0.0452*5L $/SEAT-TRIP (SL= 25.,500.]) 2
HOP L ENGTHS 504150+ O+ 0+ 0=20C 10C0+200+ O+ O+« 0=300 2004200+ G+ O+ Q=400 . - L o
STAGE LENGTH __ 25, 50, 5. 1CC. 1540, 200, 300, 400, 500, 200, 300, 400, z
NO. CYCLES/STAPTS 171 17t 1/ i/l /1 i/t 171 171 1/ 211 2/1 271
FLIGHT CPEW 0.55% 0u44ad C.426 0.410 0,361 0,374 0,357 _0.349  0.344 _ _D.41B_ 0.396  5.381 e S
FUEL & alIL 0.438 0.330 0.252 G.234 0,725 §.225 0.223 p.222 0.221 0.252 0D.228 0.225
HULL IMSHURANCE 0.483 0.383 co37tL G.357 0,343 2.326  ©.311  0.304  0.299 _0.351 _ 2.336 _ d.326_
TOTAL FL IGHT QOPS§ 1.476 1.154 1.050 1.CcCl 0.956 0.924 0.8%92 0.874 0.B64 1.021 0.960 2.932 4
LABOR AIRFRAME 0.561  0.369 0.219  0.788 0.256 0.236_ 0,216 0.206  5.2G0 0.282 0.252  2.235
MATERT AL ATRERAME 0.268  0.165 C.138 0,119 O.1u2 0.09? 0.0H83 0.078  8.975 Uallsd 3,099 0,091
LABOR ENGINES 0.217 ©0.175 0.130 0. 107 0.083  0.070 _ 04058 _ 3.052 0.G48_ 0.097 . 0.GT6 _ D.066 = _
MATERIAL ENGINES 0.511 0.276 0.261 0.162 U.123  0.102  0.UB2  U.0T2  0.NES 0.144 J.111 0,719 1
MAT. BURNEN L.1al _ 0.707 _ G.582 €-513  Du44l _ 0.392 _ 0.354__ 0.335 0.323_ 0492 D.427 0.391 :;
TOTAL MAINTENANCE  2.797 1.693 1.369 1.189 1.705 0.900  G.795  (.T42 GeTlL 1.129 5,964  D.B78 1
LEPRECTATION 1.378 1.C%94% 1.06C 1.019 _ 0.97L 0.929 0.887  G.367 0.854 1.002 0.959 3.929
TOTAL DIRECT OPERATING COST
E/ATRCRAFT MILE  5.652 3,940 3.479 3,209 2.932 _.2.T53  2.5T4 . 2,483 2.429  3.151 2.983 2.737 ¢
$/FLIGHT HOUR 935,77 822.1 749.C TL8.8 689.3 676.3 661.9 654.0 648.9 T18.1 6HE, 2 672.1
$/SEAT MILE - 0.1130 0.0788_ 0.C696 D.0E42_ 0.0586 0,055l 0.0515 0,0497 6.0485 0,0630 0.0577  0.3547 o
$/SEAT~-TRIP 2.83 3.5% 5,22 6,42 8.840 1.0t 15.44 19.87 24.29 12.60 17T.32 71.89 L

-~

Ly i
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DEPARTURE PATH TO 10,000 FT MSL .
MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL-ROTATION RATE=20, ACCEL BUILDUP TIME= 5,

TIME  DIST ALY VEL _ ACC_ GAM  THRUST _AMGD__ tWGI  DWGO_ DWGL OFUST ALP  THE AWD ALV LAMDA My  CT  POWER
SEC FT FT FPs 6 DEG 8 e ) LA LR LB DEG ORG DEG DEG HP
__DBRSTACLE CLEARAMCE -
3.1 4o 7. 3. 0.050 60.0 £3443, -1. -89s, 0. 1148, Lo 29,4 24.6-35,4 28.5 0.1119 0.0035 9.0237 6258,
4.0 7. 13. 8. 0,171 6C.0 £SA26.,  —B. =109l._ 4. 104l. 10, 26,6 24.6-35.4_24.4 0.1240 0,009 0,0261 7491,
4,7 12, 20, 13. 8,227 6C.0 72803, =23. =1207. 11l. 971. 2B. 25.5 24.6-35.4 21.8 0.133]1 0.0154 0.0273  8399.
5.3 17. 3%.  18. 0,24R 60.C T73S74. 4S5, -1275. _ 22. 916. _ 55. 25.1 24.6-35.4 20.0_0,1417 0.0212 0.3277 8933,
5.9 24, 42, 23, 0.250 60.0 14160. ~T4. —1334. 37, BB2. 92, 25.0 24,.6-35.4 18.6 C.1491 0.0272 0.02T8 9339,

_ B.7 24, 59, 28, 0,211 60,0 T2126._ -11l. -1349.  55. B25. 13T. 25.8 24.,6-35.4 17.2 0.1563 0.0732 3.0270__9560.
T.6 50. 86, 33, 0.162 €0.0 £S574. -155. ~1366.  T1. 799, 191, 26.8 74.6-35.4 16.2 0.1620 0.0406 0.0361 6569,
7.9 58.  100. 33, 0,113 6G.0 67i03. ~—206. =1388._ 102, _TB4. _254. 28,0 24.6-35.4 15.4 0,1480 0.0684 D.0252 9560,

ACCELERAT ION AND CONVERSICN
9.3 92. 153, 43, 0.106 56.R 64R30. =-299. —1586. _123. _ 672. _ 295. 29.4 24,6-32,3 15.2 0.1736 0.0402 0.0244 9560,

0.4 129.  156s 51, Q.141 49.5 €2154, =517. —2046, 138, S&8. 291, 34,0 24.6-25.0 14.9 0.1811 OuBI6 J.0234 9560,

11.7 L8B4 245, SRBe 04123 42.C £2633, —R1T. ~2653. 142, 459. 234, 53,0 24,.6-17.4 16.7 0.1794 _0.11C9 2.02386_ 956],.

13.2 . 260.  391.  6b. 0.108 36.2 €3447, =1214. —3288. 153, G14. 19Ga S3.0 Z&.6-11a6 17.2 C.1766 0.1471 0.0239 0567,
14,5 345, 353, T4, 0116 31.€  €3€59, -53L. —4005. 128, _400.. 157. 53.9 24.6 =7.0 16.2 0.1756 0.1131 0.0240 9560.
15.8 446, 407. 83, 0.113 28.0 63713, 394, —4803. 129, 40B. 137. 57.4 24.6 ~3.4 146.9 C.1749 0.1983 0.C241 9564,
17.3  566. 463, 92, D,108 25,1 - 63679, 1522, =5707. 156. 431, 129, 60e1 2406 -0s5 13.4 0.1742 0.2267 23,0241 9563,
19.0 724, 529. 101. 0.0S2 22.7 £€2237. 28&2. -5291. 209. 380. 132, 62.1 Z4.6 11.7 0.1773 0.2528 46,0237 9560,
20.4 872, 585, 110, D.1C8 2C.7_ 58747, 4420, —2193,  288. 259, 147. 63.4 2%4.6 9,6 0,1874 D.?TSZ D.0723 9563

.9

-2
21.9° 1934, 641, 120. 0,108 1S.C 54557. 6200. 1195, 393, 245« 174. S8.T 24.56 W6 T.7 0.2010 G.2G957 5.C20B 95670,
«1  B.l 0.2200 0, 1114 27.018% 9560,
.3
-lr
o3

3
5
23.5 1233, T04. 129, 0.G96 17.5 49674. B8205. 4935. 524, 331, 213. 57.0 24,6 7 7
25.5 1500.  7B2. 139, 0.077 1€.3 44129, 10434. 9959, 6B8l. 511, 263. 54.8 24.6 & 4uh G.24T1 0.3757 U.OLEY 956D,
9
0

27.7 18l4.  B6T. 148, 0.0T1 15.2 38450. 12882, 12492, 863.  T75. 325, 53.3 24.6 34 0.2834 0.3299 J.0147  9560. T{
30.1 2188, 962, 158, 0.064 14.3 32519, 1555). 18329, LOTL. 1124. 298, &3.6 24.6 1 2.3 03361 0,3162 0.ul25. 95873, M
_32.6 2592, 1058, 168, 0,063 L13.4 26%4C, 18436, 23559, 1304, 1553. 482. 32.7 24,5 11,2 1.4 0.4599 0.265%4 O, Cl94 9560,
T 35.0 2999. 1150.° 178, 0,066 12.7  226%4. 21536, 29172. 1562. 2058, 577, 15.9 24.6 1£.9 Csd C.4945 C.1449 0,0088 9540,
7.8 3519, 1260, 187, 0,055 12.0 20902. 24937. 34765, 1951, 25R3. 685, 5.0 246 126 0.0 0.5404-0.149% 0.008L 9549,
40.7 4077, 1373. 1ST. GaC54 1la4 198299, 25013. 34659, 1725, 2390, 673, —4.B 22,8 11.4 0.0 Cu56T8-0.0693 0.00T7 9560,
43.6 4673, 14B8. 205, 0.053 1C.S 19116, 25099. 34583, 1632, 2249,  67l. 4.6 21,4 10.5 0.0 0.5912-0,0488 0.CN75 9569,

AIRPLANE MOIDE CLIMA TO 10,060 FT
43,6 46T3. 1488, 209, 0,0 1
Bi7.5 43475, 1CC00.  23B. 9.0 1

4,2 1RSS50,
1.9 16647,

NOISE AT 500 FT SIDELINE= R4.0 EENCE’
TIME 1.5 4.5 7.5 13.5 13.5 16.5 19.5

22,
PNL ‘82.1 83,2 82.7T HBOu6 TB8.B 71646 73.9 T7T0.

fodvnrg e

NOTSE S0D FT FORWARD DOF TAKEDFF POTNTS B4.6 EFNCB

NOISE AT 20,000 FT SIDELINF= 52.6 £PNCR

" NDISE 25,000 FT FORWARD OF TAKEJEF POINT= 50.7 EFNDB

_ THE_TOTAL NOIZE TMPACT IS5 0,57228D+CS5




TILT ROTAR NESIGN PROGRAM 1974
C-80-20
__ _DVERALL e -
GROSS WEIGHT {LB] 18489,
EMPTY WEIGHT (LR) 12510,
FUEL WEIGHT (LB} 1959,
PAYLOAD (LBR) 4000,
CRUTSE SPFEN [ MPH) 401,
L/N CRITISE 9,07
ERANGE [STAT M) 500,
®PASSENGER SEATS 20.
*CARGO {LB) L
RN TOR S
*DISC LMANING (PSF} 12.00
RADIUS (FT) 15,7
SOLINLTY 0,181
BLADE CHORD (FT) 1.32
TOTAL RLARFS )
*CT/S1G HOVFR Cal20
____*PRDFILF DRAG COEFF _ 0710
7 DOWNLDAD 446
*EFFICIENCY HOWER 0,95
* CONVER 0.83
CRIISF 0.80
HEL MODE WEIGHT {LR) 1316,
o ___ AIRPLANE MFIGHT (LB) 1012,
*TIP SPEED HOVER 825,
* CRUTISE 560,
®FYSELAGE CLEARMCE (FT) 2.0
®MAX HEL MODE ANV RPATEIO 0.40
% TNODICATES INPUT VARTABLE
DESIGN MISSTON SPEFD
P
TAKENFF £ LANDING
ACFEL. & CONV.
B _ATRPLANE CLIMB  193,.,190.
aCCFL. TO CRUISE
_ CRUTSE . 400, _
ATRPLANE DESCENT 401.4292.
DECEL. & CONV. . .
_ . TOTAL__ . B
RESERVE

. .DESIGN ITERATIONS:

4 L
... STRUCT TECHNOLOGY FACTORS _
=RNOTOR 1.00
*®TRANSMISSION 0.83
*AIRERAME 0.78
*ENGINE [HP/LB) 8450
*ENGIME INSTALLATION 1.50
DES 16N MISSION
*FIELD ELEVATION (FT) 0.
SOUND SPFED HVYR  (FPSI] 1117.
=STD DAY TEMP (DFG FI 59,
*EMERG HIVER ALT (FT) 2000,
C%HOT PAY TFEMP (DEG F) i 95,
RCT/SIG MAX 0.150
*MAXY ACCELFRATION (G}) 0.25%
*DESIGN CRUISE [MPH) 400.
*CRUTSE ALTITUDE {FT} 15000,
SOUND SPEED CRSE (FPS) 1054,
__RMAX DECELERATION (Gl __ . _0.20
*5TRUCT L0AD FACTOR 4.5
FLIGHT CREW 2 .
*CABIN CREW 0.
_*ATC SPEED LIMIT _ o ves
"_I
[=)]

_POMERPLANT . ... __FUSFLAGE. .

INST NORMAL PWR (HP) 4119, *LENGFH [FT) 55.0
*NMAER 0OF ENGINFS . 2. *DIAMETER (FTY _ __ _ _ 8.5
*EXCFSS FACTOR HFL MODF 1.30  *0RAG FACTOR 1.00
*¥ AATED EMRG HVR . l40. ) e
* CONV + CLIMB 120. FLAT PLATE AREAS {SF)

* ~ CRUISE .. Q0. _. MWING PROFILE __ 1«42

INST PWR EMRG HVR [HPI 4076, FUSELAGE 3.33

CONVER _ [HP) 2850, . EMPENNAGE L 0.85

rRUISE [HP} 4119. TOTAL PROFILE 6.93
*SFC (LA/HP HR) 0.400 WING INDUCED .. 1e03
DRIYF SYSTEM .. . _. COMPONENT WEIGHTS (LB} _ o
SEFFICTENCY 0.97 ROTORS 1316.

HEL MODF WEIGHT (LB} 1157, . DRIVE SYSTEM__ _ 1%65.

ATRPLANE WEIGHT {LB} 1565, POWERPLANT 727.

_ NACFLLES e 34.
WING FUFL SYSTFEM 96 .

ARFA (SF) 195, _ WING 1237,
¥LDADING (PSF) 95,0 FUSELAGE 2615,

ASPECT RATIN __ 8.99 EMPENNAGE R 261,

SPAN (FT) 41.8 LANDING GEAR 555,

MEAN CHORD (FT) _ 6.&5 FLIGHT CONTROLS _ 857,
THICKNESS/CHORD RATIO 0.210 HYDRAULICS 176

_ _*TAPFR RATID .. 0.70___ ELECTRICAL 203.

SWEEP (DEG) -5.1 INSTR+#AVIONILS 580,

CRUISE LIFT COEFF _0.37 ATR CONDITIONING . _  T69.

MAX LIFT COEFF CNNVER Q.75 . FURNTSHINGS 1300.
*MAX LIFT COEFF CLEAN _ l.40 FLUIDS . . 92.
*FLAP ARFA/WING AREA 0.25 FLIGHT CREW 400,

___CLIMR SPD/CNNVER SPD Q.68 ____CABIN CREW Qe

_HEIGHT  DIST TIME FUEL . e . _
FT M1 MIN LB

7«00 T 1 P e .
900, 0.9 0.71 l6.
_A4100.  11.7 . 4,12 96,
10.6 1.93 48,

447,13 66.9T 1365, _ .

14100, 28.5 5.11 17.

900. 0.9 1.23 & e

e .. 500,0  BR2J0B ___ ASBYe
20.00 ___375.




- . C-80-20

__ STAGE LENGTH [MI.}. _ .

. .25« . _50.._... T5. __.100,
CRUISE ALTITUDE (FT,} 20G0. 4000, 10D00I. 12500.
. CRUTSE SPEEN (MPHY __ 296, __ %05._ ___ 408, .. 420,
CRUISE L /N 10.41 10.49 T.71 T.98

- CRUTSE DISTANCE (M.}  17.3% 3642 29,8 46.9
RLACK TIME (MIN,) 8.9 14,40 i7.6 21.4
RLOCK FUEL (LB,} 128. 205. 296, 377.
BLOCK SPEED {MPH) 168, 214, 256. 280,

"DIRECT
ATRFRAMF COST {&/LRI= BO.0  ENGINF COST {4/HP}= &
DC=2.8640.0411%5L $/SEAT-TRIP (SL= 2%5,,500.)

HOP LEMGTHS 50+150+ O+ Q¢ D=200 1004200+ 0O+
_ . .STAGE 1 ENGTH 75, 50. T5. 100.
N7, CYCLFS/STARTS 1/1 171 171 171
FLIGHT CRFW L.564 N.443 0.370 0.33% O
FUEL £ Ol 0.154 0.11% D110 D.105 0
MIILL THS1IRANMCE 0a.142 N.111 0.C0S7Y 0.C85% 0
TATAL FLIGHT Np§ 0.959 0.669 0.574 0.529 0
 LARDR A[RFRAMF . 0e391 _N.25T7  D.200 D.173 D
MATFRIAL ATRFRAME 0116 0.0T1 0.054 0.045 0
LAROR EMGINES C0.7260 | Q.t44 g.1¢C3 D.n82 0
MATERIAL ENGINES 0.2:9 0,123 0.17864 0.06R8 0
MAT, RUARNEN .. D.B45 0.521 D.394 _ 0,332 [s]
TOTAL MAINTENANCE 1.840 1.115 C.B36 ¢.701 4]
_..DEPRECIATION = = D.&R2. 0.323___ 0,271 _0.247 _ O
TOTAL  DPIRECT QOPERATING CDST
_S/ATRCRAFT MILE 3.111 2.108  1.681 _ 1,477 1
$/FLIGHT 4nlRr 523.2 451.4 £39.0 413.86 3
. S/SEAT MILF 0.1556 0,1054 0.0840 0.,0739 0,
$/SEAT=TRP 31,89 527 &30 7.39

OPERATING C€OST - ANN UTILTZATION(HR)=2000.

_____ 150. ___200._ _ 300.._ . 400, ... 500._ . . —_
15000. 15000, 15000. 15000. 15000.
e A30Ga _ 430. 430. 430, ____ 430,
B.21 8,21 B.21 8.21 8.21
B2.9.__132.,9_ 232.9 332,9___432,9 -
28.7 35,6 49 .6 63.5 77.5
.. 555, T26. _ 108Ya_ 139F. . VT4, ____ . __ _
34, 3at. 363, 378. 247,

"DEPRECTATINN PERIODIYRI=10. LABGR RATE(S/HRI= 7.00

0.0 INSURANCE RATE=D.040  FUEL COST (CENTS/GAL)= 18.0. .
0+ 0=300 _ 200+200+ O+ O+ D=400

150, 200. _ 390.. _ 400._ _ _500. . 200.____ 300,

/1 171 1/1 71 171 271 271

+302 d«281  0.261 0.251 _ 0.245 _ 0.353 . 0,31t

»103 0.101 . 0.099 0.097 0.096 0.106 0.103

076 0.07L _ 0.066 C.083  0.062 __0.085_ _ 0.076

481 0.453 0.425 0511 0.402 0.544 0.489

145 0.129 __D.114 _ D.1D7  0.102 _ 0,171 D.143

«036 D032 0.027 0.0?75 0.024 0.044% 0.035

062 _ 0.051 0.041 0135 _ 0.032 _ 0.075% _ 0.057

«049 0.040 0.031 0.026 0.023 0.060 0.044

-268 0.235 . 0.202 . 0.1B5 _ 0.175_.. 0.32D _0.260

« 560 D.487 0.415 0.378 0.356 0,670 0.539

+220 _ 0.206__0.191  _0.183 . 0.179 _ 0.246__ 0,220

2262 1.t4T L4031 | 0.972 | 0.937  1.460__ 1.246

96.2 386.0 374.1 367.3 362.8 410.6 393% &

0631 0.0573 _0.0515 _0.0486 0.0469_ 0.0730 0.0624 0.0570

e 46 11.47 15.46 19.45 23,43 14.60 1B.72

.. A00.

2n
0.289
0.101
0.071
0.461

D.129

0.031
0.048
0.036

0.229

0.473

0.206

1.140
393.8

22,80




MAX FUSE ANGLE=20D, ORSTACLE CLFAR ANGLE=60, 0OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCFL BUTLDUP TIME=

NDISE
NDISE
NOISE

NOTSE

) . C=RD=20 SU
DEPARTURE PATH TN 10,000 FT MSL

AT 500 FT SINELINE=103.4 EPNDR

AT 20,000 FT STOFLINE= 61.8 EPNDA

TINE  DIST ALY VELL  ACC  GAM
SEC FT FT FPS & DEG
. .DRSTACLE CLEARANCE
3.1 4. 7. 3. 0,050 60.0
. 4.0 1. 13. 3. 0.171 6C.0
5.0 13. 23, 13, 0,153 63.0
£.2 24, 41. 18, 0,128 &0.0
7.8 47, T4, 23, 0.09% 60,0
B.5 58, 190, 24, 0,058 6C.0
ACCFLERATION AND CONVERSION
9.4 7. 125, 33, 1.161 S2.2
12.3 105, 149,  40. O.1TI 4l.4
11.2  140. 173, 48, 0.174 33.5
12.1 185, 196. S7. 0.176 27.9
12.0  2%6. 219, 6b6. 0.182 23.8
13,8 293, 241, 75, 0,191 29,8
l4.6 3SR, 762, B4, 0.191 18.4
15.4 433, 284, C4. 1.180 1lb.4
_ 16.3 519, 37T.  104. J.1800 14.9
7.1 607. 329, 113. 0,194 t3.6
. 18.0  720. 354, 121, 09.166 12,5
19.0 845,  379. 133. D.161 11.5
20,0 982, 405, 143. 0.159 10.7
21,1 1147, 434, 153, D.142 10,0
22.3 1351, 468, 162. D0.172 9.4
23.7 1591. 506, 172. D.110 8,9
_ 25.3 1RTE . S4R, 1”2, D.0%A A.4
27.1 22?2, 59. 192. 0.085 B.0
29.1 2621. 649, 202. 0.078 7.6
31.2 3163, T05. 212, 0.07% 1.2
33.4 3527,  T4P. 221, 0,073 6.9
ATRPLANE MODE CLIMA TO 10,000 FY
33,4 3527, V62, 2P4. D.0 _ 15.8
192.9 41918, 10030, 258. 0.0  13.0
THE TOTAL NOISE IMPACT IS 0.688L704+06

THRUST
LB

19600.
21585,
21445,
20877,
20337,
197682,

13359,
190948,
19191,
19205,
19206.
191G87.
19129.
16024,
12547,
17867,
16885,
156891,
14861,
13628,
12276,
109231.

95134,

A709.

7931,

TlB1.

6568.

. .6613._
5147,

LWGO LWGI
Le LB
~0. =227,
-2 -2T77.
-4« —2Al.
-9. -282.
-14. -28Z.
~-22. -282.
—39. -38%.
-78. -517.
~9%. ~5H4l.
31, ~=T747.
199, ~B50. _
412. =950,
6T2. -1079,
9080, ~1213.
1337. -931.
1743.  -351%,
21989, 310,
2702, 9THR.
3255. 1687,
IBS8. 2472.
4509, 32320,
52N9. 4212.
5957. 5169,
6351. 5633,
6764, 6119,
T192. 6631.
1578. T099.

25,000 FT FORWARD OF TAKEDFF PGINT= 59,T7 EPNDB

500 FT FORWARD QF TAKEOFF _POINT=105.1 EPNCB

OWGH
La LB
0. 296,
oo le 271, .
2. 253,
%4e 236,
T. 227,
o lle_ 217.._
12, 13D,
13. B4,
13, b6,
12. 58,
16. 55.
?4. 55.
36, 57,
53. &1.
73, 45,
99,  29.
128, 29.
162, 44,
201.  70.
243. 110,
290, 163,
142, 224.
397, 297,
409, 322,
422. 347.
437, 375,
399, .

_450.

L8
T
ba
L6.
32.

52.
. TB.

79.
59,
42,
Il,
26,
28.
37.
52.
74,

102.
137.
178.
226,
280,
340,
407.
480,
497.
Sl6.
537.
.956.,.

DWGE  _DFUST ALP

DEG
29.3
26,4
26.6
27.4

28.2
29.0

29.9
40.3
48.3
53.6
57.2
59.5
61.5
63.1
&63.6
62,0
62,3
60. 8
58.8
57.0
S4. 8
5le1
45.9
43,9
40.7
36.3
3.3

THE
DED

AWD
DEG

28ha6-35.4
24 .6~35.4
24.6-35.4
24 .6=35.4%
24 ,6=-35 .4
24.6=2T.6
24.6-156.8
24.6 ~-8.9
24.6 =3.3
24.6
24.6
2406
2% .6
2446
24.6
24.6
24. 6
24.6
2% .6
4.6
246

24.6_186.2

21.8 14.6

24.6=35,4

23.5 15.6
22.6_15%.0_

2l.1 14.2

ALV
DEG

28,7
24.7
23,5
22.4
21,8
21.2

21.4
25.5
24.3
28.3
27.1
25.1
22.8
20,5
17.7

15.1
t2.5
10.%

_1-9

1e%
1.0

LAMDA

0.0640
0.0698
0.0728
D.0T47
0.0767
0.0789

0.0806
0.0817
0.0811%
0.0811
0.0811
0.0810
0.0812
0.08t5
0.C335%
0.0265
6.0715
0.0969
0.103%
0.1127
0.125)
0.140%
_D.1610
0.1763
0.1937

My

0.0015
0.0040
D.0D57
0.0095
0.0125
0.0157

0.0201
0.0309
0.0431
0.0548
0.0655
0.6781
0.0Ra8
0.1014
o.1122
D.1225
0.1317
0.1410
0.1496
0.1566
0.1614
0.1&35
0.1598
0.1603
D.1578

0-2144 0.1495

0.2352

0.1359

Sa

cT

0.0079
0.0087
0.0DBS
0.0084
0.00%2
0.0080

0.0078
D.007T
0,0077
0.0077
0.0078
0.0078
0.0077
3.0017
0.0075
0.0072
0.0068
0.0064
0.0040
0.0055
0.3050
0.0044
0.0039
0.0036

0.0032

0.0029
0.0027

POWER
HP

2806.
3274,
3375.
3375.
3375.
3375.

33715,
3375,
31375,
3375.
3375.
33175,
3375,
3375,
3375.
3375.
3375,
3375,
3375,
33175,
3375,
3375,
3375,
3375.
3375.
3375,
3375,




. TILT ROTOR DESIGN PROGRAM 1974

€~BO-80 . ... .

_DESIGN__ITERATIONS: 6 . _ . e

_OVERALL e _POWERPLANT | - e FUSE\AGE__ __ .. ._.__STRUCT TECHNOLOGY FACTORS __
GROSS HEIGHT CLB) 59044 . INST NDRMAL PHR (HD) ISZST. *_ENGTH iFT) 95.0 *ROTOR 1.00
. EMPTY WEIGHT (LR) 46027, *NUMBFR DOF ENGINES . 24 *DIAMETER {FTY}._  _  _  Ll.5 . *TRANSMISSION 0.83
FUFL WEIGHT f{LR) 6T16. *EXCESS FACTOR HFL MODE L.30 *DRAG FALTOR 1. 00 *A1RFRAME o.78
L. . PAYLOAD (LA} 163030, *2 RATED FMRG HVR . 140. I .. *®ENGINE [HP/LBR) B.S0
CRUISE SPEEN {MPH) 445 . * CONV & CLTIMR 120. FLAT PLATE AREAS (SF} *ENGINE INSTALLATIDN 1.50
. L/D CRIUSE . 10D.AT % ceurse o 90, WING PROFILE . A.T5 .
*RANGE (STAT M1) 5230, INST PWR EMRG HVR [HP) 15257. FUSELAGE T.04 DESIGN MISSTON
e _=®=PASSEMNGER SEATS 80. CONVER {HPY 10665, __ EMPENNAGE . _ .. 2.8%__ *FIELD ELEVATION IFT) O.
*CARGD (LB) O CRUISE {H?) 11708, TOTAL PROFILE lT,TZ SOUND SPEED HVYR (FPS) 1117.
=S5FC (LASJHP HR) D.40D _ WING INDUCED __ . ___ 3,07 *STD DAY TEMP {DEG F} N 59.
ROTORS . *EMERG HOVER ALT (FT) 2000.
___%NISL LOADING (PSF}_ ____ 12,00 DNRIVE SYSTEM _. B LOMPOMENT HEIGHI&_!&BI_____ o __. kHAT DAY TEMP LDEG F} i 99,
RADIUS (FTY) IN.3 ¥EFFICTIENCY 0 97 ROTORS 554 6. ®CT/S1G MAX 0.150
_ SOLInITY 0.081 HEL MODE WEIGHY (LR} 5633, DRIVE SYSTEM __ . T652,. *MAX ACCELERATION [G) D.25
RLADE CHRIGD (FT) 2.57 ATROLANE WEIGHT [LBY 1652 POWERPLANT 2692, *DESIGN CRUISE {MPH} 400,
- TOTAL PBLADES ] _.. MNACELLES | e .. THD. _ =CRUISE ALTITUDE (FT} .15000.
=*CT/ST16 HOVER 0.120 WING FIUEL SYSTEM T35, SOUND SPEED CRSE (FPS)  1058.
_____¥PRNEILE NMRAG COEFF __ . C.010 . AREA [5F) . L T2Te____ WING L e 5530.__ *MAX DFCELERATION (G} . 0.20
% DOWNLIAD 5.1 ¥LOADING (PSF) 95.0 FUSELAGE T979. *STRUCT LOAD FACTOR 4.5
. kEFFICIENCY HOVFR 0.85 ASPECT RATIN Te54% . FMPENNAGE | _ 1346,  *FLIGHT CREW
* CNNVER .93 SPAN (FT) T4.0 LANDING GEAR 20711, *CARTN CREW
e . CRUTSE ., D78 MEAN CHORD [ETY . 9.82  FLIGHT CONTROLS 3541, _ *ATC SPEED LIMIT _ .. YES .
HEL MDDE WEIGHT (LR) 5546. *THICKNESS/CHRORD RATIU 0.210 HYDORAUL ICS 340.
. ATIRPLANE WFIGHT ({L8) 42712. . *TAPER RATIND L 0.T0 . ELECTRICAL LA e
#T[P SPFEN HIGVEP 825. SWFFP IDEG) ~-5. % INSTR+AVIONICS R26,
e CRUTSE 560, CRUTSE LIFT CNEFF L DJ3Q_ AIR CONDITTONING. ___ 154D._ _ _ o e
*EUSELAGE CLFEARNCE (FT) 2.0 MAX LYFT COEFF CONVER 0.75 FURNISHINGS 3700,
. *MAX HEL “ODE ADY RATIO  0.40 AMAX LIFT CNEFF CLEAN 1.40. _ FLUIDS e . 345, o R
*FLAP ARFA/WING AREA 0.25 FLIGHT CREHW 400,
. % INDICATES TNPUT VaARTAGLE = CLIMB SPD/CONVER SPD_ . 0.78. _ CABIN CREW L.00.
DESIGN MTSSTON SPEED | HETGHT  DIST TIME FUEL i . L )
MPH FT MT MTHN LB
o TAKENFF & LANDING e - . . 2.00 _ 140.__ _ ! [
ACCFL. & CONV, 900, 0.9 D.A2 52.
.. OMIRPLANE CLIMA L 1T5.9217. ___1%100.  13.6_ 4.18 367, - R N .
ACCEL, TO CRUISE 13.6 224 208.
e CRUISE — . 4%, . __435,0C_ 5B.A0 4458, R e
ATRPLANE DESCENT 445,4292. 14100. 36,0 5.28 T6e
.. DECEL. & CONY. —— . 90C._ 0.9 1,086 M4, . . —_
_...YoraL ... 500.0 _ T4.98_ 5315, - .
RFESERVE __ _20.00____14% — —

1401




C-80-20

STAGE LENGTH (MI,}
CRUISE ALTITUDE (FT,}
CRUTSF SPEFED (MPHY
CRUTISE L/D-

CRUTSE NISTANCF (M1,
BLOCK YIME [MIN,)
ALOCK FUEL (LR.L)
BLOCK SPEED (mMPH)}
DIRFLT

ARFRATING  CNOST

ATRFPAME [OST {$/LB)=

PNC=1.4440.0209%S1. $/SEAT-TRIP (SL= 25,,500.}
HOP LEMGTHS 50+#15%+ 0+ O+ 0=2N0 100+200+
STAGE LENGTH 25. S0. Tha 100,
MO, CYCLFES/STARTS 171 1/1 1/1 1/1
FLIGHT raguw 0,569 0.45] 0.0 0.338
FHFL & DTL n,sii 0.374 0.n N.35%1
HULL TMSURANCE N.502. 0D.399 0.0 0,703
TOTAL FLIGHT nps 1.581 1.2724 0,0 0,988
LARDR AIRFRAME D.544 0.35%8 0.0 _ 0,236
MATERTAL ATRFRAMF 0.263 Q.162 0.0 0. 101
LARBAR ENGINES D.381 0.208 Q.0 Q.18
MATFRIAL FNGINES N.B4A2 0.454 0.0 C.249
MAT, RHRNEN 1.206 P.735 0.0 0,457
TOTAL MAINTENANCF - 3,239 1.917 0.9 1.159
DEPRECIATION _ 1,460 1al60 0.0 0.869
TOTAL PIRECY OPERATING CNST
¢/ATRCRAFT MILE G.2R1 4,300 0.0 __ 3.016
$/FLIGHT HOUR 1095, 6 44,7 G.0 as3.oq
$/SEAT MILF 0.0785 0.0537 0.0 0.0377
$/SEAT-TRIP 1«96 2469 0.0 3,77

4L L T
20C00.. 4000,
. 296, . 305.
13,24 13,23
17.0 6.5
A.8 13.7
460, 673.
174. 220.

= ANN UTTLIZATICM{HR)=2000,
ENGINE COST (t/HP)=

‘80.0

5. 190. .
10001. 12500. 15
453, 464

8.91 911
=9.3 36,9
0.0 20.5
0. 126S. 1
Qe 293,

60.0

a+ O+
15¢,
171
0.298
0344
0.26%
0.905
0.194
0.081
0.085
0.180
0.362
Q. %01

2.572
855.5
. 0.0322
4.82

D.T6E6 _

150, _ 200, . 300. _
000. 15000. 15000. 115000. 15000.

4T6. __ 4T6u __ 4T6e__ 4T6. __ 4T6s

.46 F.46 9. 46 9.46 .46
T4eS 12445 22445 __ 32445 _ 424.5_
27.1 33.4 46 .0 589.6 1.2

857, _ 2436._. 3579, 4T02. _58B07.

333, 360, 392, 410, 421,

INSURANCE RATE=0.040

0=300 200+¢200¢ 0+ O+ 0=400
200. 100, 400. 500,
171 /1 /1 1/1
0.275 . 0.253  0.242 0.235 _
54338 0.331  0.325 0.322
04244 © 0,224 0.214 0.208
0.857 0,808 0.782 0.765
0.172 . 0.150 0.139 0.132
0.073  0.059 G.054 0,050
0.D69  0.053 0,045  D.041
0.145 0.110 0.093 0.082
0.312  0.264 _ 0.239  0.224
0.769 0.636  0.570  0.530
L 0.TOR___0.65L__ 0.622
L2033 __ 2,094, 1.973
839.5 B20.3  B80B.4  800.4

.0.0292 0.0262__0.0247 0.0237 _0.0369__0.0316 0.0289

.82

T.85 9. 87 11.87

400.____  500.

L2003,

271

0,353

04351
0.297
1.00t1

0.097
0.104
0.219

- D437

1.090

0.604 _ 0.864

1.899  2.956

871.1
7.39

0.232

'DEPRECTATICN PERTODIYRI=10, LABOR RATE(S/HRY=T7.00
FUEL COST (CENTS/GAL)= 18.0

... 304,
271
0.307
0.342

0.262

D.912
o Db.191
0.078
0.077
0.160
0.349
0.855

B45,5

2.48

0Tl

Q.762 _0.708__

2529 _ 2.310

400.
271
0.284
0.338
0.244
0,865

0.068
0.063
0.131
0.304 | _
0.7T36

820.7
11.55




_£-B0-8D__

"DEPARTURE PATH TO 10,000 FT MSL

_.TIME  DIST  ALT . VEL. ACC GAM _THRUST
SEC FY FT FPS G DEG 1e
e _DWSTACLE CLEARANCE _ .. ... . .. .
3.1 & 1. 3. 0.050 &0,0 73299,
R Y Te. 13, . A. 0.171 60.0 8D896. .
O 13, 23.  13. O.164 6C.C 80190,
L Ba2 24, 41. 18, 0.129 60.0 78062,
7.8 42. 73. 23. 0.095 60.0 T&N4S,
8.5 58, . 130. . 24. 0.060 60.0_ 73972,
TACCELERATION AND COMVERSION
9,5 79, 127. 33, 0.1549 52.64 72363,
10.4 -106. 152, 40, 0.1T0 41.8B 71768,
1.3 142. 176. 4B, 0.17% 33.9 Tlbéa,
12,2 186.  200. 57. 0.176 2R.3 T1155.
1300 2%8. __ 223, _ 6be 0.179 24,1 71818,
13.9 295, 245,  15. 8,191 21,0 . 71904,
14,7  361. 26T7. 85. 0.191 1#,6 TL783,
15.5 435, 289, 94, 0.1%9 1&.6 71549,
. 16.4 529, 312, 104. 0.181 15.1 £9282,
17,2 613. 335, 113 0,185 13,8 67034,
,,,,,,,,,,, 18,0 713, 357, 12%. 0.186 12.6 64037,
139.0 833, 382, 133. D.169 11.7 £0191,
- 19.9 0 9%, 407, 143. 0.16R 10.9 56403,
20.9 1tl6. 434, 153, 0,152 10.2 51855.
; 22.1 1307, 456. 162. D.13% 9.6 46953,
23,3 1517. 590. 172. 0.123 9,0 42009.
_ 26,7 LT69._ 538, 182. 0.111 8.5 36841,
26,3 20T6. 581, 192. D.096 B.1 137359,
. 28,0 2420. &2T._ 202. 0.690 T.7._29491.
29.9 2803. 676. 212. 0.086 7T.3 26668,
. 31 T 3209, T26.  222. 0.084 7.0 24043,
33,5 23629, 775. 232. 7.085 &,7 21897,
e 3%44  4069.  825. 242. 0.0B5 6.4 20129.
: 37T.3 4553, BTT. 252. D.08B0 6.2 19004,
cm—e 3933 5089, 931, 257, 0.077 _ 6.0 1R665.
ATRPLANE MNNE CLTMB TO 10,000 T
_______ _ 39,3 5069, 931, 257. 0.0 . 13.7 _ 21676,
199.0 48843, 1£030. 295. 0.0 11.3 18386,
_..__ THE TYOTAL NOISE TMPACT IS 0.179160407
e .. NDISE AT _S00 FT SIDELINE=103.6 EPNDR _ . _ __.
NNISE AT 20,000 FT SIDELINE= 67.6 EPNDA __
___ NDISE 25,000 FT FORWARD OF TAKEQFF POINT= &5.4 EPNDA___

NOISE.

MAX FUSE ANGLE=20, OBSTACLE CLEAR ANGLES&D. OBSTACLE HEIGHT=100._ MAX_ACCEL ROTATION RATE®20. ACCEL BUILDUP TIME= _

502 FY EGRHQRD_DFHTAKEGFE”PDINT?lué-QﬁE?NDﬂ“

LWGD .

L
-1,
-15.

_-130.
-49,

«131.
~-261.
-319.
87
63t.
1325.
2171,
At T4,
4337.
5659,
L Tl4at,.
8785,
10589,
12553,
14678,
16960.
19401.
214135,
22866,

24315,

25854,

27479,
29134.
3Ngs1.
313084,

=5,

I

_LWGY.
Le

"‘934o

=1141, _ ..

~1157.

~1142..

~-1161,

=1160. _

. =~1563.

=-2104a.
~2615%.
~30%57.

~3483,

-3933,
~4425,
~4G378.
=39113,
-1553.

79,

3649,
6463,
9566 .
12915,
16442,
20222.
23363,
25383,

27512,

29748,

32080.

34536,

37480,

371659,

_DWGO, _DUGE
La LB
0. 1224, -
3,_1119,
7. 1045,
154975,
24. 936,
36.  BO95. _
41.  B&T.
44, 354,
44, 283,
40. 250,
_53.._ 239,
B2. 242,
127, 253,
198, 271,
_265.  197.
158. 118,
468, 111.
594, 17l.
736, 288,
894. 464,
1069, 694,
1260. 970.
1466. 1293,
1610. L555.
1665. 1613,
1722, 1811.
1783, 1949,
1853, 2094.
1924. 2245,
2001. 2402,
1999., 2398,

DEUST. ALP _
L8 DEG DEG

_THE_ AWD.

DEG DEG

2.

N TP

38.
- T""
123,

183,

188,

145,
102.

2944 24.6-35.4
2645 24.56-35.4
26.T7 24.6-35,4
27«4 24.,6=35.4
28.2 24.6-3%5.4

29,1 264,6=35,.4

30.4 24.6-27.9
40.1 26.6-17.2
48.1 2%.6 =9.3

28.8

24.8

23.6

22.5

21.9

1.2

21.5
25.3
28.2

1519,

1596,

T5. 53.6 24.6
63,
6T S2.7 2&.6
86.
1204 63.5 24,6
L69.

2344 6342 2446

4. 62.0 2406

409. 61.4 24.6
518, 59.5 24.6
a%31. 5T.9 24.6
783, 55.9 24,6
938, 52.5 24.6

1108. 47.

1228, 63,7 26.1

1278. 40.1 23.2

1330. 35.6 22.4
1387...
1452,

[1.7 20.4

1590. 0.3 19.8

9Tab 24,6 |
61.8 24.6

64.2 24.6

478 2446

29,86 21.6
21+% 21.0

~2.-T 19.4

28.3
27.1
25.2
23.0
20.7
18.0
15.2

mAtVW.LAHDA e

0.0651 (
0.0041

0.0698
0.0728
0.0748
0.0768
0.0789

0.0807
0.0819
0.0814
0.0812
d.0811
0.0809
0.0809
0.0311
0.0829
0.0861
4.0901

& 0.0957

0.1020
Q.1106
0.1221
C.1364

_0.1557

0.1775
0.1949

0.2161

0.2406

0.25654
d.29013
0.3083

0.3140-

My
0.0015
0.0068
0.0095

0.0126
0.0158

0.0204
0.0309
0.0431
0.0549
Q. 064A
0.0783
0.0901
D.1018
0.1126
t.1228
D.13246
D.1418
0.1507
0.1581
0.14356
0.1667
D.1649
0.1590
0.1562

0.14T2
0.1292
0.1032
0.0607
0.0039
0.01548

. LT

0.0079
0.0087

0.0086
0.0084
0.0082

0.0080

0.0072
Q.0077
0.0077
0.0078
g.0078
0.0078
0.0078
0.0078
0.0076
0.0073
0.0070
0.0065
0.0061
0.005&
0.0051
0.0046
0.0040
0.0035
0.0032

0.0029
0.0026
0.0024
0.0022
0.0021
0.0021

5.

He

12630.

_ POWER

“toses.
12251, ..

12630, _ ..

12630,

12630. .

12630,

12630.
12630,
12630,
12630..
12630,

12630.

12630,
12630,

12639,

12630. ..

12630,
12630. .
12630.
12630,
12630,
12630.

12633,

12630. .

12630.
12630,
12630.
12630,
12630.

12630. -

02T



TILT ROTOR DESIGN PROGRAM 1974

L . G-80-110 _ . e _DESIGN ITERATIONS: _ 6
. OVERALL e L_POwWERPLANT ... FUSELAGE . _ o .__STRUCT TECHNOLOGY FACTORS .
GRTSS WEIGHT (L8) 101100, TNST NORMAL PWR ([HP} 22349.  RLENGTH IFT) 110.0  *ROTOR 1.00

_ EMPTY MEIGHT {LB} __ 68930, __*NUMAER OF ENGINES o Z.. *DIAMETER (FT).__ . _13.0 . *TQANSMISSION 0.93
FUFL WEIGHT (LB 9710,  *EXCESS FACTOR WEL MODE  1.30  *DRAG FACTOR : 1.00  *AIRFRAME 0.73
PAYLOAD (LR} . _. .22450. . _*T RATED FMRG HYR . l40. . o *ENGINE {(HP/LR} 8.50
CRUISE SPEED (MPH) 451, CONV + CLIMB 129. FLAT PLAFE AREAS (SF) . *ENGINE INSTALLATION 1.50

. LN CRUISE e 10.T4 x| CRUISE . 90.__._ WING PROFILE. _ _ __ _ __ &.T86 _ _

*RANGE {STAT Mf) 500, INST PWR EMRG HVR {HP} 22349, FUSELAGE 9.00 DESIGN MISSION
__%PASSENGFR S5FATS 110, CONVER . {HP) 15623. __ EMPENNAGE ... 4.D& _ *FIELD ELFVATION (FT} 0.
=CARGO (L9) o. CRUISE (HP} 16222, TOTAL PROFILE 23,97 SOIND SPEED HVR (FPS) 1L17.
- *SEL (LB/HP HR) L 0.400 WING INDUCED 4. 1T *STD DAY TEMP {DEG F) 59.
20T IRS . ®*EMERG HOVER ALT (FT) 2000.

. .®DISC LOADING [PSF) __ _ _12.00 _DRIVE SYSTEM o . ___ COMPOMENT WEIGHTS (LB} . ____®HDT DAY TEMP {DEG F) ___  95.
RANLUS (FT) 36,6  *EFFICIENCY 0.97 ROTORS B4D8.,  *CT/SIG MaX 0. 150
SOLTDITY . 0.081 HEL MODE WEIGHT (LA} 8905, = DRIVE SYSTEM _ 12131, _ *MAX ACCELERATION [6) 0.25 _
BLADE CHORD (FT) 3.11 ATRPLANE WEIGHT [L3} 12131. POWERPLANT 3944,  *DESIGN CRUISE (MPH) 400.
TOTAL BLADES & NACELLES . 1B74, - *CRUISE ALTITUDE {FT) 15000,

*CT/SIG HNVER 0.120 WING FUEL SYSTEM 1495, SOUND SPEED CRSE {(FPS) 1058.
____%PRIFILE DRAG COEFF _____ 0.0l0___  AREA (SF} _1064. WING . 8379, *MAX DECELERATION (G) . §.20
T NOWNLOAD 5.2  XLOADING {PSF}) 95.0 FUSELAGE 10855.  *STRUCT LOAD FACTOR 4.5
®EFFICIENCY HOVER 0.85 ASPECT PATIO 7.32 EMPENNAGE ... 1972, _ _*FLIGHT CREW 2.
- CONVER 0.82 SPAN (FTI BB.2 LANDING GEAR 3033,  *CABIN CREW 3.
CRUTSFE 0.77.  MEAN CHORD (BT} . 12.06 FLIGHT CONTROLS _ __ _  _6062. _ ®ATC SPEED_LIMIT __ YES js
HEL MJDE WFIGHT (LB) B40B.. *THICKNESS/CHORD RATIO  0.210 HYDRAULICS | &12. !
____ AIRPLANE WELGHT LAY ___ €4R3,  ¥TAPER RATIOD __ 0,70 ELECTRICAL _ 2247, mﬂ__ﬁ_“,_:j
=TIP SPEEN HIVER B25, SWEEP (DEG} -5.4 INSTR+AVIONICS 949,
Cw CRUISE . 860.____ CRUISE LIFT COEFF __D.28 ___ AIR CONDITIONING 1930,
*FUSELAGE CLEARNCE {FT) 2.0 MAY LIFT COEFF CONMVER 0.75 FURNISHINGS 4900,
*MAY HEL MONE ADV RATIO Q.40 *MAX LIFT COEFF CLEAN .40 FLUIDS . _ S06. o _
®FL AP ARFA/WING AREA 0.25 FLIGHT CREW 400,
% INDICATES INPUT VARTABLE  _ CLTMA SPOJCONVER SPR 0,980 CABIN CREW 450. R
DESTGN MISSION SPEFD _ __ MEIGWT . DIST TIME ____ FUFL ___ S _ )
MPH FT M1 MIN L8
_ TAKENFF & LANDING R R 2400 205 e
ACCEL. & CONV. 900. 0.9 0.60 T4
—. __.AIRPLANE CLIMA = 180,,223, 14100, 14.0 _ 4.1T7 _ 538, S,
ACCEL. TO CRUISE 13.6 2.22 302.
.. CRUISE L 453, . 432.,9 _S5T.,38 6401, - e
ATRPLANE DESCENT 453,,292, 14100. 37.6 6,55 117,
DECEL. & CONV._ 900, 0.9 1402 __ _20e e e e }
o ToTaAL 500,0 73,94 7658, e
B _RESERVE _ . 20,00 2053, S I




- . C-80-110

. STAGE LENGTH {MI,) .
CRUTSE ALTITURE {FT.}
CRUTISE SPEED (MOR)
CPULISE L/D

CRUTSE DISTANIE (MI,)
BLOCK TIME (MING)
BLOCK FUSL (LB.}
ALOCK SPEED (MPHI

AIRFQAME COST

_ HOP LENGTHS S50+150+

e . STAGF LENAKTH i 25._.
NO. CYCLES/STARTS 171
FLIGHT Zorw D.574
FUEL kR 0OTL 0.732
HULEL INSHRANCE 0.T44
TOTAL FLIGHT OPS 2.051

_ LARQR ATIRF2AME 0.621
MATERTAL AIRFRAME 0,364
LASOR FNATNES D.459
MATERTAL ENGINES 1.733
MaT, RURNEN . 1a404
TOTAL MAINTENANCF 4.081

 DEPRELTATION C2.1R1
TOTAL DIRECT DOPERATING
SFATRCRAFT MILF 8.294
$/°LTGHT HOYR 1457, 4
$/SEAT MILF 0.0754
$£F/SEAT-TR]D 1.88

I— .

25.. 50e . _. 5. . . 100e_ . 150. . 200a.__ __300e.___400. _ _
2000. 4000. 10001. 12500. 15000. 15000. 15000. 15000. 15000.
e 305468, _ . 478, . 483, 4B83.. 4B3. 483. . 4B3.
13.88 13.88 9.17 G.4b6 9. 74 F.T4 9,74 9. T4 9. 74
té&.9 342 . 14,9 | 3la2 | TH.3 _124.3 22443 3Z24.3 . __424.3___ .
8.5 13.6 15.8 20.3 26.8 33.0 45.5 57.% 70.3
660, 962. .. 1417, 1826. . _2667. . _3503.___5156... 6780, _8377. . __ .
176, 221. 268, 296. 315, 363, 396. 41%. 427.

[&/L8)= 20.0
DOC=1.3R+0.0203*SL $/SFAT-TR1IP
O+

0+ 0=200 1
. S0. .. 75.
171 171
0.457  0.376
0.53% 0.524
1.592  D.488
1.583 _ 1.388
0406  0.311
0.224  0.167
0.24% 0,174
0.6646 0,463
0.R51 0.631
2.394  1.745
1,720 ta4l6
cosT
5,697  4.549
125B.4 1220.4
0.0518 0.0414%
2.59 3.10

00+200¢ 0+ O+ 0=300_

100. 150.

171 171 1/1
0.341 0.301 0.278
0.501 0.493  0.486
D.442 . 0,390 0.360
1.283 1.184% 1.124
0.766 _ 0.219 0,193
0.139  0.111  0.09
0.128  0.t00  0.081
0.363 0,262 0.212
0.524 0.415  0.357
1.421 1.107 0.939
1.282 _ 1.132  1.046
3.996  3.424 3,109

1183.8 114B.4 L1129.1
0.0361 0.0311  0.0283
3.632 G.6T 5.65

200 ..

200+200+

300.
171
0.255
O.a77
0e330
1.062
.. D.168
0.081
_D.062
0. 161
0.299
0.771
0.95%

2.793

1105.5
0.0254
T. 62

. 500.

OIRECT APERATING  CDST - = ANN UTILIZATINN(HR}=2090. DEPRECTATION PERIOD(YR)=10. LABOR RATE(S/HR)= 7.00
FNGINE COST ($/HP)= 63.0
{5L= 25.,500.)

INSURANCE RATE=0.040__ FUEL COST (CENTS/GAL}= 18,0 _
O+ O+ O0=400 e _ _ _
L A00,. . S500.__ 200, 300. _. 400, .. _ _

171 171 27 271 2/1

0.244 . D.237 . 0.357.. 0.310 . 0.286

0.470  0.665 0.503 0.491  O.488

04316  0.307T  0.44) 0.387 0.360 -
1.029  1.008 1,301 1.188 1.132

0,155 D148 __0.262__ 0.216 . 0.192 _
0.074 0.069 0.l34 0.107 0.09%

0.05)  0.04T7 0.123  0.090 0,074 )
0.135 0.120 ©0.32% D.236 0.191

0.270 .. 0.253 _0.501 0.399 0,346 . _ __
0.687 0.677  1.3%1L 1.045 (.R9S
C0.916 . 0,890 1.279__ 1.125 _ 1,046 _
2,632 2,535 3,921 _ 3,358 3,074 _
1091.3 1081.4 1164.4 1134,0 1116.3
0.0239 0.0230 _0,0%56 0.030% 0.4279

9.57  1t.52 7.13 9,16

11.18

A A




Y

.- C-8§2-112 R
DEPARTURE PATH TN 10,000 FT MSL
MAX FUSE ANGLE=20., DRSTACLE CLEAR ANGLE=60.

TIME DIST __ALT VEL ' ACC  GAM
SEC FT FY FPS . G DEG
i JOBSTACLE CLEARANCE el
- 3.1 ' 4‘- 7. 3. 0-050 60.0
4.0 . T 13, 8. 0,171 60.0
5.0 13, 21. 13, D.164 60.0
5.2 . 24. 41, 18. 0.129 650.0
7.8 42, 73, 23, 0.096 60.0
8.4 58, 100, 24, 0.06% 60.0
ELERATION AND CONVERSINN
. 9.5 79. 128. 33, 0.148 52.5
10.4 106. 152, 40, 0,177 41.5
11.23 142, 176. 48, 0.174 34,0
12.2  18s. 296, 5T. N.176 28.3
13,1, 239, 224, 66. D.179 24.2
13.9 296. 246, T8, 0.191 21.1
14.7 .. 361, ?267. 85, 0,191 18.6
15.5  434. 290, 9%, N.189 16.7
16,4 520, 313. 104. 0.18L 15.1¢
17,2 612, 335, 113, 0,185 13.8
i8.0  71?. . 358. 123, 0.187 12,7
18.9 830. 182, 133, 0,171 11.7
19.8 958, 407. 143, 0.170 10.9
20.8 1109, 434, 153, 0.154 10.2
22,0 1297, 465, 1£2. 0.136 9.6
23.2 1502, 498, 172. D.126 9.0
Ph. b 1748, 535, 182, 0.114 8.5
26.1 2036, 576, 192. 0.102 B.l
27,8 237D, 621, 2062, 0.093 7.7
29.5 2740, 669, 212. D.088 7.3
31,3 3139, 718, 222, 0.DB6  T.0
33,1 13551, 766, 232. 0.087 6.7
15.0 3I9R7, B15. 242, 0.086 6.4
36,9 4469, 867. 252, 0,081 &,2
18,9 4990, 922, 260. 0.077 6.0
ATRPLANE MODE CLIMA TO 10,000 FT
3R.9 4990, 922.  264. 0.0 13,4
197.4 49906, 1C000. 303, 0.0 1.0
. _THE TOTAL NOISE IMPACT IS 0.264260407

NJISF AT 500 FT SIOELINE=1D4.2 EPNDR

__NDQUSF 25,000 FT FORWARD OF TAKEOFF POINT= 67.1 EPNDB_ .

_NOISE

....NOTSE AT 20.00Q _FT SIDELINE= 69,3 EPNDR

THRUST
LR

107359,

118146.
117452,

114334,

111381,

10A345,

105986,

104343,
1045070,
105376,

105198,

105339,
105195,
1C4B91.
102477,
GE4TI.
93949,
AB344,
82819.
T6Z242.
69037,
61822,
54271,
4T57T.
43155,
39004.
35161.
32026,

29455,

278135,
26976,

31015,
27018,

0BSTACLE HEIGHT=100. MAX ACLEL ROTATION RATE=2D, ACCEL AQILDUP TIME= 5,

LLHWGO  LWGT DWGD DWGI __DFUST ALP_ THE  AWO ALV _LAMDA 1
L8 LB LB LB LB DEG DEG DEG DEG
-1. -1291. 0. 1823, 2. 29,4 24,6-35,4 28.8 0.0641 D.0DO15
. =8, —1698. 4. 166T. _ 1B. 26.5 24.6-35.4 24.8 0.0698 0.0041
~22. ~1724. 1l. 1556. 503. 26,7 24.6-35.% 23.6 0.0728 0,0068
=42, -1730.____21. 1452, 9T. 27.5 24.6~35.4 22.5 0.074B 0.0095
-70. =1728.  35. 1394, 160. 28,7 24.6-35,4 21.9 0.0768 0.0126
=105, -1727. __52. 1333, 239, 29.1 24.6-35.4 21.2 0.0T89 ¢.0158
-1BA, —2323. _ 60._ BlB. __247., 30.5 24.6-27.9 21.6 0.0807 0.0204
=375, ~3126. 63. 529, 191, 4D.0 24.6-17.3 25.3 0.0519 0.0309
—45%9, —38AR. 63, 423. 135. 48.0 24.6 =9.4 ?R.1 0.0815 D.0431
120, -4546. SB. 3T5. 99, 53.6 24.6 -3.7 28.3 0.0813 0.0549
_897. -518L. T6. 259, B4, 5T.& 24.6 0,4 27,1 0.0811 0.0666
1885, -53%52, 118. 364, 88. 55.T7 24.6 3.5 25,2 D.0809 0.0TB4
3097, -6585. 183, 381, 113. 61.9 24.6 5.9 23.0 0.0809 0.0901
4524. -T409, ' 27l. 409. 1%8, 63.5 24.6 7.9 20.7 0.0810 0.1019
6182. -5847. 3B4. 297, 222. 64.2 24.6 9.5 1R, 06,7828 0.1127
068, —2353. 520. 175. 307, 63.3 24.6 10.8 15.3 0.0360 0.1229
10123, 1320.  679. 163, 4ll. 62.0 24,6 11.9 12.9 0.0900 0.1327
12527. 5341. 963. 252, 535, 61,5 24.6 12.9 10.7 0.0955 0.1419
15101 9500. 1070. 427. 679, 59.6 24.6 13,7 8.8 0.1017 0.1508
17904. 14087. 1301. 691. 843, 5B.1 24.6 14.4 7.2 0.1103 D.1583
20935, 19034, 1556. 1038. 1026. S6,1 24,86 15.0 5.7 0.1217 0.1639
24193+ 24245, 1834, 1453, 1229, 52,7 24.6 15.6 4.4 0.1358 0,1672
27675, 29823, 2135, 1941, 1451. 48,2 24.6_15.1__ 3.3 0.1547 0.1658
32830, 34837. 2381. 23BJ. 1635, 43.2 24.3 16.2 2.4 D.1768 0.1597
32847, 37852, 2456. 25T1. 1696. 40.0 23,3 15.6_ 1.8 D.1951 0.1559
34961, 41027, 254D 27T2. 1T66. 35.4 22.5 15.2 1.4 0.2164 D.1466
17148, 44363, 2629. 29R%4. 1B41. 29.4 21.7 14.7 1.0 0.2410 0.1284
39490, 47857. 2733. 3205, 1929. 21.2 21.1 lé.4 D.6 D.2658 0.1021
41875. S1506. 2B38. 3436. 2017. 11.4 _20.5 l%.l 0.3 0.2906 0.0592
4%362. 55301. 2951. 3677. 2113. -0.1 20.0 13.8 0.0 0.3083 0.0019
45089, 56011. 2878. 3575, 2082. =2.7 19.1 13.1 0.0 0.3182-0.015¢9

cT

0.0079
0.0087
0.0086
0.0084
0.0082
0.00R0

0.0078
0.0077
0.0077
G.0078
0.0078
a.0078
0.0078
0.0078
0.0076
D.0073
Q.0070
0.0066
0.0061
0.0057
2.0051
0.0046
0. 0040
0.0035
0.0032
0.0029
0.00286
0.002%
0.0022
0.0021
0.0020

18501, .

POWER
HP

15390,
17945,
18501.
18501.
18501,
13501,

13501.
18501.
13501.
18501 .
1850L.
18521,
18501.
18501.
18501.
185901,

18501.

18501,
18501 .
18501 .
18501.
18501,
18501, _
185901
13%01.

€2-T

18501.
18501,
{B501.

18501,
18501,

500 FT FORWARD OF TAKFOFF POINT=105,.4_FEPNDB . _




TILT ROTOR DESTGM PROGRAM 1974

M-80-20 .- ‘ L - e e e DESTGN_LTERATIONS: &

COVERALL o ___POWERPLANT oo e . _FUSFLAGE . STRUCT TECHNOLOGY. FACTORS =
GRISS WETGHT (LA) 19001. INST NORMAL PWR ({HP} 4068.  *LENGTH [FT) 55,0  *ROTOR .00
EMPTY WETGHT (LB).____ . 13124, _*NUMAER 0OF ENGINES 2. *DIAMETER {FT)_ __  _ _  B.5__ *TRANSMISSION _ .83 _
FUUEL WEIGHT (LB} 1877.  *EXCESS FACTOR HEL MODE  1.30  *0DRAG FACTOR 1.00  *ATRFRAME ) 0.78
_ PAYLDAD (LR} . 400D._  *% RATED EMRG HVR _  ___ 140.._. ... *ENGINE [HP/LBY | B.50
CRIJISE SPEED (MPH) 431, % CONV + CLIMB 120. FLAT PLATE AREAS (5F) #ENGINE INSTALLATION - 1.50
e LAY CRNISE 9,20 % ... . CRUISE . _  90.__  WING PROFILE _ led5___ . . e e e e R
T XRANGE [STAT MI) 500, INST PWR EMRG WVR {HP)} 40S&. FUSELAGE - 3.38 DESIGN MISSION
=DASSFYGER SEATS L 0., . CONVER __ (HP)_2818. _ EMPENNAGE - 0,87  _*FIELD ELEVATION (FT} Q.-
*C ARGD (LA) o. CRUISE  (HPY 40448, TOTAL PROFILE 5.90 SOUND SPEED HVR [FPS) 1117.
_ *SEC (LAZHP WR) . 0.400__  WING INDUCED_____ 1.07.__*STD DAY TEMP {DEG F} 59,
ROTORS *EMERG HOVER ALT (FT) 2000.
*DISE LOADING (PSF) . 12.00  RRIVE SYSTEM  __  _ COMPONENT WETGHYS (LM)  __ *HOT DAY TEMP (DEG Fy _ 95,
RADNUS (FT) . 15.9  *EFFICIENCY 0.97 2OTORS 16217 «CT/SIG MAX 0.150
SOLIDITY 0.143 _ HEL MODE WEIGHT (L8} 1457« DRIVE SYSTEM __ 1767,  *MAX ACCELERATION (G} __  0.25
RLADE CHORD (FT} 1.78 ATRPL ANE WEIGHT {LB) 1767, POWERPL ANT 718,  *DESIGN CRULSE (MPH) 400. -
. _ TOTAL RLADES - a_ o i NACELLES o _.. 33, _ ACRUISE ALTITUDE {FT) _ 15000,
%CT/STG HOVER 0.120 WING FUEL SYSTEM 59, SOUND SPEED CRSE (FP5} 1058,
_*PROFILE DRAS COEFF . 0.010  ARFA (SF)  _ 200. __ WING e 1267, ___«MAX DECELERATION {G)  0.20 _
% NOWNLDAD 4.6  ¥LOANING (PSF) 95,0 FUSELAGE 2686, *STRUCT LNOAD FACTOR 4.5
- *EFF[CIENCY HNOVER €.85 _  ASPECT RATID .. B.92 _ EMPENNAGE e 3TQ. ®FLIGHT CREW 2.
* < CONVER 0. 813 SPAN (FT) 42,2 LANDING GEAR 570, *CABIN CREW 0.
CRUTSE 0.72 MEAN CHRIRD (FT1 4273 FLIGHT CONTROLS 574, _ #ATC SPEEM tIMIT,___ ves %"
HEL MONE WEIGHT (LB} 1671,  *THICKNESS/CHGRD RATIO 0,210 HYNRAUL ICS 178. o
. ARPLANE WFIGHY (LR)_ 1558, _*TAPER RATIO .. 0,70 ELECTRICAL 21, S
*TIP SPEEN HOVFP 620, SWEEP (DEGY -5.1 INSTR+AVIONTES 530,
- CRUISE 550, _ CRUISE LIFT COEFE .. 0s37 _ AIR CONDITIONING 760, -
®FUSELAGE CLEARMCE {FT) 2.0 MAX LTFT COEFF CONVER 1.34 FURNTSHINGS ; 1300.
.. _®MAX HEL MNDE ADV RATIO  0.40. _*FAX LIFY COFFF CLEAN _ 1.40  FLUIDS_ . __ 95, i _
: , XFLAP AREA/WING AREA 0.25 FLIGHT CREM 400,
_¥ INDICATES INPUT VARTABLE  _ CLIMA SPD/CONVER SPD _ 0.91 _ CABIN CREW 0.
DESIGN MISSTON . SPEED __ WFIGHT DIST  TIME __ FufL o e e
MPH ET M1 MIN LB
_ TAKEOFF & LAMDING e 2,00 AT o _ . e
ACCEL. £ CONY, 900, 0.9 0.70 15.
m e AIRPLANE CLIMB —  154.,191, 14100,  10.4_ 3.64 81,
ACCFL. TO CRUISE 9.3 1.53 36.
_ CPUISE o 401. L 450.5 6T.46 _ 1317. e i o .
AIRPLANE DESCENT 401.+292. 14100,  29.0 5.20 14.
_ DECEL. £ CONV. . . sn0. 0.9 _ 1.22 &, S e .
o ToTAL__ 500.0_ 81,75 1506, -
RESERVE

..20.00 271,




POC=2,8340.0427HSL $/SEAT-TRIP (SL= 25.,500.1
HOP LENGTHS 504150+ 0+ 0+ Q=200 100+200+ 0+ o0+
. STAGE LENGTH 25, 5. 15, 100. 150.
NT. CYCLES/STARTS 171 171 1/1 1’1 171
FLIGHT CREw $.557  0.437  0.362 0,335 0.303
FUSL & OrL 0.145 0.108 0,103  0.097 D0.993
HULL [MSURANCE Delas L.115 0.09%- 0.084 D.0R0
TOTAL FL IGHT 3PS N.849  0.6%9  0.560 0.520 Q.477
LASOR ATRFRAME . 0.394 0,259 0,200 0.175 _ 0.148
JATERTAL AIRFRAME  9.119 0,072 0.055  0.046  0.038
LARCR ENGINES 0.259  0.144  0.192 0.082 0.042
MATERTAL ENGINES P.220  0.121  0.085 0.06T @.049
_ MAT, BURDEN - 0.94% 0,523 0.3€3  0,33& 0.273
TOTAL MATNTENANCE  1.P46  1.119  9.334  0.704 0 569
_OFSRECLATIAN . 0,424 0.333 0,276 0,255 _ 0.231
TATAL  QRIRECT OPERATING EDST
$/AIRCRART MILF 3.119 2,112 1,671 1,479 1.277
$/FLIGHT HIUR 527.2 454,83  433,8 415,46 195.7
$/SEAT MILE ¢.155% 0.1056 0.0835 0.0739 0.0638
$/SEAT-TRID 3,99 5,28 6.27 7.39 9,58

‘BIRECT

M-~80=-20

STAGE {ENGTH (MI.}
CRUTSE ALTITUDE (FT.)

. CRUISE SOEEN (MPH)

CRUISE L/D

CRUISE PESTANCE (MI.)
BLOCK TIME (MIN.}
BLOCK FUEL (LB,
RLICK SPEED (MPH)

AIRFRAME CNST

APERATING C€OST -

ENGINE €D

25, . 50.__. . T5.
2000.°  4000. loool.
o 298 305, 406._
10.54 1¢.54 T.89
7.7 36.8 36.0 .
g.9 13.9 17.3
131. 193, 275,
169, 215, 260.

ANN UTIL 1ZATION (MR }=2000.
($/L0)= 80,0

ST

- 100.
12500,

4,36
55.3
21.3
347.
281.

[4/HPY = 60.0

150..
15000.
e 408

439,
8. 86
99.1
29.0
502,
310.

0=300. 200+200+ 0O+ "0+ 0=400 e —

. 200. aqo. LAD0.. . 500.  _200._ ___300. $00. . . _. .
171 171 171 i71 2/1 271 271

0.285 0,267 0.253 0.252 _ ¢.352_ 0.312 _ 0,293 [
0.092  0.089 0.088 0,087 0.0%97 0.993 0.092
0.075 0.070 0.068 0.066 _ 0.089 0,079 0.075 — _
0.452 0.%26 O.%113 0.405 D.538 0.485 G459
0.133 __ 0.119 . 0.111 D107 _0alT4__ 0,146 - Oer32
0.033 0.029 0.726 0.02% 0,045 0.0%6 0.032
0,052  0.04L 0.036 0.033 0.075 0.0571 0.048 _ _
0.040 D.031 0.028 0.023 0.059 0. 044 0.0%6
0.240... 0,228 _ 0.192 04182  _0.324 __ 0.264 _ 0,235 e
0.498 0.427 0.392 0.370 0.677 0.547 0.483

02217 D.203  D.196 0.[92_WVO-257,__O.Z30k‘_O-ZlT
1,167 __ 1.057 _ 1,001 _ 0.96T_wﬁl.472,m_1.262__Al.160
384.9 372.5 365.5 351.0 411:1 393.5 382.7

0.0583_ 0.0528 _0.0500 _0.04864 D.0736__0.0631 _0.0580 e L,
11.67 15.85 23.02 24.19 14.72 18.93 23.20

- 200a . 300._. _ A00. . . 500.. _
15000. 15000, 15000. 15000,
ﬁ_m909-m__"409;_“_q409.d,“_#09.~
8. 86 8.86 8.86 8.86
S149.1 | 249.1 .. 349,1 449.1 _
36.4 51.0 65,7 80.4
- 656 . 980._. 1259. _ 1554,
230. 353, 345, 3713,

" DEPRECIATION PERTOD(YR1<ip.
TNSURANCE RATE=0.040

LABOR RATE(S/HR)= T.00
. FUEL COST (CENTS/GAL)= 18,0 _




i . M-80=-20 [,
DEPARTURE PATH YO 10,000 FT MSL

HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME=

MAX FUSE ‘ANGLE=20. ORSTACLF CLEAR ANGLE=¢D. OBSTACLE 5.
_ . TI%E _ DIST ALY VEL _ ACC GAM_ THRUST _ LWGD _ LWG! OWGD  DWGI _DFUST ALP THE  AWO ALV LAMDA "y CT  POWER _
SEC £T FT Fps G DEG LA L8 L8 Le L3 LB DEG DEG DEG DEG HP
.__DBSTACLE CLEARANCE _ __ . [ o e ] e e
3.1 4. 1. 3. 0.050 60.0 20144, -0. -234, 0. 30S. 1. 29.3 24,6-35,4 28.7 0.0852 0.0020 0.0139 2765.
. 4D To . _ 134 8. 0,171 60.0 22184, =2, =286, _Lls_ 279. 6. 26,6 24.6-35.4 24,7 0.0929 0.0054 0.0153 3246,
5.0 13. 23, 13, 0,181 60.0 22014, -5. =-291. 2. 262, 16, 26.6 24.6-35.6 23.5 0.0965 0.0090 0.0152 3337.
N Y 24. 42. 18, 0,127 60.0 21349, =9, =288, __ 4. 24le_ 32, 27.5 24.6-135.4 22.%4 0.0996 0.0127 G.0I148 3337. _
8.0 a4, T6.  23. 0.090 60.0 20840. —15. —290, T. 234, 52, 28.7 24.6-35,4 Z1.9 0.1020 0.0168 0.0144 3337,
. Bu6 5B,  100.  24. 0.055 60.0 2027l. _ =22. -290. _ 1la_ 224e__ T84 29.1 24.6-35.4 21,2 0.1048 0.0210 D.0L41 3337,
ACCELERATION AND CONVERSTION
9.4 76, 123, 33, 0,175 Sl.é6 15769,  ~40.. -399. . 12. 126. _75. 29.6 24.6-27.1 20.9 0.1075 0.0260 0.0137 13337,
12.3 102, 145, 40. 0,178 40,6 19644, —8D., =543, 12. B4, 55, 40.7 24.6=16.0 26,0 D.1081 D.0412 0,0L36 3337,
. 1l.2 137, 168, 48, 0.17% 32.8 15728, ~—78. -670. 12, 6T. __ 3B. 48.7 24.6 =9,2 28.7 0.1076 0.0574 0.0137 3337.
12.0  180. 190, 57, 0.180 27.3 19740, 51, —779., 12, 59, 28, 5440 24.6 —2.7 28.7 0.1074 0.0730 0.0137 3337,
e 12,9 _ 231. . 212. _ €6, O.1R& 23,3 19738, _ 225. -884, 16, 56, 25, 57.6 24,6 1.3 27,3 0.1073 0.0BR& 0.0137 3337,
13.7 288, 233, T5. 0,193 20.2 19726. 445, =-996. 25. S56. 2B. 59.8 24.6 4.3 25.3 0.1072 0.1041 0.0137 333T.
o ... Y4.5 353, 254, B4, 0,192 17,9 19653,  Tl4, —1119. _ 3B._  58. 38, 61.8 24.6 6.7 23.0 0.1074 0.1196 N.0137 3337.
15.3 428, 275, 94. 0.1%8 16.8 16542, 1033. —-[25T. " 56. 62. 54. 63.4 24.6 0.6 20.6 0.1078 0.1352 0.0136 3337
- 15.2 515, 298, 10%. 0,178 14.5 18995, 1402, =-904. _ T8. _ 43._ T7. 63.8 2446 10.1 17.8 0.1106 0.1494 0.0132 3337,
17.t  6tl. 320, !13. 0,179 13.2 18214, 1820, -290, 105, 28. 107. 62.8 24.6 11.4 15,0 O.1151 O.1678 0.Q127 3337,
ol 1T.9 . TI6.. 343. 1234 5,178 12.2 17335. 2289, 357. _136. __ 30. 142. 61.5 24,6 12.4 12,6 0.1207 0.1758 0.0121 3337.
18.9 843, 368, 133, 0.159 11.3 16245, 2809. 1067. 171. 4b6. 185, 60.9 24.6 13.3 10.4 0,1284 0,.1877 0.0113 3337,
19.9 983, 194, 143. 0,155 10.5 15163, 3379, 1804. 21t., 7T6. 234, 58.8 24.6 14,1 8.6 0.1373 0,1992 0.0106 3337.
21,0 1t52. 623, 153. 0.138 9.8 13891, 3999, 2615. 256 118, 289, 5T7.0 26.6 14.8 6.9 0.1495 0,2085 0.0097 33137,
.. 22,4 1364, 4SR. 167, 0,11A 9.2 124R6. 4669. 3494. 305. 1T4. 350, 54.8 24.6 15.4 5.4 0.1662 0.2147 0.0087 3337. 4§
23.8 1613,  496. 172. 0.106 B.T 11094, 5388, 4418. 358, 239. &418. 50.9 24,6 15.9 4.1 0.1869 0,.2172 0.0078 3337. o
e 2525 1920, S40. 182, 0.091 8.2 9T17._ 6086, 5319, 40T, _307._ 482. &b.b 24,4 16,2 3.0 0.2136 0.2131 0.0068 3337._ O
27.4 2782. 589, 192. 0.981 7.8 BSCT. 6495, 57%. 420. 332. 499, 44.3 23.3 15.6 2.4 0.2320 0.2149 0.0063 3337,
... 29.5 2698, 643, 202. 0.075 7.4 A110. 6918, 6296, 434, 359, 518. 41,0 22,4 15.0 1.9 0.2562 0.2117 0.0057 3337, .
V31,7 3157, 700. 212, 0.07L 7.0 T336. T356. 6824, 448, 387. 539, 36.6 21.6 14.6 l.4 0.2840 0.2008 0.0052 3337,
e 33.9 3634, 756, 221. 0,07t 6.7  665T. TT8l.  T346. _453. 4l4._ 561. 31,1 20.9 14,2 1.0 _0.314% 0.180% 0.0047_ 333T.__
ATRPLANF MODE CLIMB TO 10,000 FT
33,9 36Y4. 786, 275. 0,0 1\T.B___ 16124 . ___ -
175.1 37828, 10000. 259, 0.0  14.7 6441,

_THE TOTAL NOISE [MPACT 5 0,26190D+06

. _NOISE AT 500 FT SIDELINE=_93.5 EFNDB _

... NOISE AT 20,000 FT STDELINE= 57,0 EPNDR__

__ NDISE 25,000 FT FORWARD OF TAKEOFF POINT= S4.8 EPNOR

-...NOISE 500 FY FNRWARD DF TAKEQFF POINT= 94,9 EPNDA




ciime TILT _RDTOR DESIGN PROGRAM 1974

e e .. . M—80~80 e e e JE U - - _DESIGN_ ITERATIONSS: . &... . . . _ . _.__ ... __ .
e DVERALL | o e ee - . POWERPLANT . _EFUSELAGE - e _STRUCT_TECHNOLOGY FACTORS _
= GRISS WEIGHT (LR} 72322, INST NORMAL PWR [HP} 154664 ¥ ENGTH (FT) 95.0 *ROTOR 1.00
EMBTY wEIGHT (LB} . 49453, =NIUMRER OF ENGINES B 24 __®DJAMETER (FT) ___ .. Ll a5 . ®TRANSMISSION 0,82
FUHEL WETIGHT (LR) 6561%, ®*EXCESS FACTOR HEL MODE 1.30 *DRAG FACTOR 1.00 *A[RFRAME 0.78
PAYLOAD (LB) 16300. *ZT RATEN EMRG HVR L 140, e i .. .__ wENGINE {HP/LRE} L 8.50
CRUISE SPEED {MPH) 44T, * CONV + CLTIVB 120+ FLAT PLATE AREAS {5F) #ENGINE [NSTALLATION 1.50
L L/ND CRUESE . _ 10,61 = CRIITSE ... 90. . WING PROFTILE __  __  &.96___ .
®RANGE [STAT M7) : 5D0. INST PWR FMRG HYR {HP) 15456, FUSELAGE T«04 DESIGN MISSION
*OASSENGER SEATS . 80. CANVER [HP} 10750, = EMPENNAGE = __ . ___ . _2.98_ +*FIELD ELEVATION (fT} De
*CARGD [L1:B) C. CRUISE {HP)] 11756, TOTAL PROFILE 18,12 SOUND SPEED HVR (FPSE 1117.
. . *SEL (LR/HP HR} 0.400 _ WING INDUCER __ _ __ 3,19 *STD DAY TEMP {(DEG F) . 59,
LIk o3 *EMERG HNVER ALY (FT} 2000,
o *DISC LOADING (PSFY . 12,00 DRIVE SYSTEM . o COMPONENT WEIGHTS SLRB)___ _ _ *HOT DAY TEMP (DEG F) ) 95.
RANDINS {FT) 31,90 *EFFICIENCY 0.97 ROTORS 6975, *CT/SIG MAX 0.150
SOLINTTY D.14% HElL MODE WEIGHT (LR} 725T+. . DRIVE SYSTEM ._._. B892, *MAX ACCELERATION LG) . D25
Bt ADE CHORD (FT) 3.49 AT RPLANE WEIGHT {LB) 8892, POMERPLANT 2129, *NESIGN CRUISE (MPH) 400,
TOTAE RLADES _ -] . . NACELLES . L . TB4. *CRUUTISE ALTITUDE (FTI 15000.
*CT/SIG HOVER 0.120 WING FUEL SYSTEM 765, SOUND SPEED CRSE (FPS) 1058,
®PROFILF NRAG COEFF _ _  D.OI0 . AREA [5F} . L Tola. . WING e BTO1.._ *MAX DECELFRATION IG) .. D20
T DOWNLOAD 5.1 *LOADING (PSF) 95.0 FUSELARE 8035, *STRUCT LDAD FACTOR 4.5
*EFFICTFNCY HOVER 0.85 ASPECT RATID ) T.48_ . EMOPENNAGE . 1410.  *FLIGHY CREW .. 2.
= CONVER C.H3 SPAN {FT) 75. % LANDING GEAR 2170, *CABIN CREM 2e
. . CRIISE D.70 MEAN CHORD [FT) L 10.09 _ FLIGHT CONTRALS 3TB0O,  *ATC SPEED LIMIT . . ..YES |
HEL “ONE WEIGHT (LR} 6975, *THICKNE SS/CHORD RATIN 0.210 HYDRAULICS 1493, Ej
o ___. ATRPLANF WFIGHT (LR) 67133, *TAPER RATID . 0.T0_ _ ELECTRICAL e 1398, . el -
*TIP SPEED HOVER 670, SWEEP IDEG?} -5.4 INSTRHAVIONICS 824,
V% CeUISE .. %50, _ CRUISF LIFT COEFF o 02230 AR CONDITIONING e 1540, _ - -
*FUSELAGE CLEARNCGCE {FT} 2.0 wAX LIFT CODEFF CONVER 1.34 FURNISHINGS '3700. :
*MAX HEL MODE ANV RATIO 0.40  *PWAX LIFT COEFF CLFAN . l.40 _ FLYIDS e e . 362, e m . - -
SFLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
* INMICATES INPUT VARTARLE .._..CLTMR SPD/COMVER SPD  ___ 1.04 _ CARIN CREW _300, e I
- NESTGN MISSIIN SPEED  MEIGHT DIST TIME _ FURL _ e o
MPpH FY M1 MIN L8
o TAKENFF £ LANDING i o R 2.00 . }4l. _ e e _ o
ACCFL. & CDNY, 900, 0.9 0.51 52
. ATIRPLANE CLIMB  176,,219. __ 1%1C0._ 12,0 __ 3.65 __ 315, ; e
. ACCEL. TD CRUISE 10.R 1.79 164,
.. CRUISE L 447,  438.7 S58.B6 __ 4400, L .
ATRPIANE DESCEMT 44T7.4292, 1410C. 3.6 6.39 68.
o ._ DECEL., E CONV, . 8S0C. _ _ 0.9___ 1.05_ _  l4. i o
_ToTAaL e 500.0 _ T4.36____ 5154, .
. RESERVE ____ __.20.00____ 1414,




M-80-80

STAGE LFNGRTH {Mf,}
CRYTSE ALTITUDE (FT.)
CRITISE SPEED (MPH)
CRUISE L/D

CRUISE RISTANCE (M1,)
BLOCK TIME (MIN.]
BLOCK FUEL (LB.)
BLMCK SPEED (MPH)
DIRECT

OPERAT ING  [LOST

25.
20C0.
296,

T 13,44

17,4

8.6
444,
175.

. 50,
4000,

I 1: L

13.4%
35.1
13.6
642.
221.

. 5.
10901,
9.16
1.7
18,6
T28.
241,

456s

100. .

12500,

9.69
44.6
20.2
1174,
297.

— ANN UTTLTZATION(HR}=2000.
ATRFRAMF CNST {&/LBl= A0.0

ENGINE COST ($/HP)= 60.0 . _INSURANGE RATE=0.040.

456, .

150. .

15000.

454

10.21
. B7T.6
2T.2

- 1704, .

331.

DEPRECTATION PERIOD(YR)I=10. LAROR RATE($/HRI= 7.00
__FUEL COSY _{CENTS/GAL)}= 18.0

_200. . 300. _ 400... . 500.
15000. 15000. 15000. 15000.
454, 494, __ 454.___ 454. _
10.21 10.21 10.2% 10.21
1376 _ 23T.6 _ 337.6 ___ %376  _ _
33,8 4T.0 60.2 T3.4
2235.. . 3284.  417. 5335, __
355. 3813, 3948. 408.

DIAC=1 24640, 0219451 & /SEAT-TRIP {SL= 25.,500.}
HOP LENGTHS 504150+ O+ 0=200 1004200+ Q¢ O+ 0=300 2004200+ 0+ QO+ 0=400
_STAGF LENGTH . 25, 50, 7%. . 100. . LS50, 230. _ 300. __ 400.__ 500.__  200.
NO. FYCLES/STARTS 171 171 171 1/1 171 1/1 1/t 171 171 2/
FLIGHT TREY N.561 0,446 D.40B  D.337 0,298 0.278  0.257  D.247  0.241  0.351
FUEL K OTL 0.493 0.357  0.270  0.326 0,315 0.310 0.304 0.300 0.296 0.326
HULL TNSURBNCE  D.537  D0.472 0,387  0.%315 0,282  0.263  0.24% 0,234 . 0.228 _ 0,317
TATAL FL IGHT OPS 1.586 1.225 1.064 0,972 0.89% 0.851 0,805 0,781 0.766 0.99%
_ LARCR ATRFRAME 0.553  0.365  0.301 0.239 0,199  O0.178 _ 0.156 0.145 0.139__ 0.238
MATERTAL AIRFRAME  0.779 2.17L  0.135 0.107 0.0CA6 0.075 0.064 _ 0.058  0.055 0,103
LAROR ENGINES n,383 0,209 0,151 D.116 0.085 0.070 ©0.054 0,046 0.042 0.105
MATERTAL EMGINFS 5.A5% 0.459 0.328 D.251 0.18%  0.148 0,133  0.095  0.085 0,223
MAT. BLRNEN . 1,227 0.7%6  0.58R 0.462  0.37D . 0.322 | 0.273 0,249 0.235 __0.446
TOTAL MATNTENANCE  3.797  1.950  1.503 1.175 0.923 0,792 0.660 " 0.594 0.555 1.114
_ DEPRFCIATION 1.543  1.224 1,121 _ _0.912 _D.818 __ 0,763 __0.707 _0.679 _ 0.662_ 0.920_
TOTAL DIRECT DPERATING C0OST
$/ATRCRAFT MILE 5426 4,399 3,688 3,059 _ 2,637 2,405 __2.172 2,054 _ 1.983 3,028
$/FLIGHT HOUR 1126.9  972.7 890.2 907.6 8T1.9 853.2 #31.2 BlB.4 B09.9 B90.6
&FSEAT MILE 0.0803 0.055C 0.0451 0.0382 0.0330 _0.0301 0.0271__0.0257__0.0248 _0.0379
$/SEAT-TRIP 2.01 2.75 3,46 3.82 4.9% 6.01 B.ld 10,27 12.39 7.57

400. ...

e 300,

271 2/t
N30T _ 0,288
0.315 2.310

- 0.289 0.263
0.902 0.859
0.197 _ 0.176
0.093 0.073
0.517 0.064
0.1563 0.133
0.356 0.312
0.875 0.759
__0.812 ___0.763

862.5 Ba4da4
.. 0.0324  0.0298
9.7T1 11.90

__2.590 _ 2,380




e M=90=80

DEPARTURE PATH TO LD,000 FT MSL
MAX FUSE ANGLE=2Q., DBSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL RDTATION RATE=20,_ ACCEL BUILDUP TIME= 5, _

__POMER___ . _

. TIME__ DIST  ALT VEL ACC _GAM _THRUST _ LWGD__ _tWGL__DWGO _OWGI__DFUST_ALP__THE _ AWO ALY LAWDA _ My . _CT
SEC FT FT FPS G DES LB L8 LS Le Le LB DEG DEG DEG DEG HP
. DASTACLE CLEARANCE __ . e . e e e e e e —
3.1 G 7. 3. 0.050 60.0 76786, -1. =983, 0. 1288, 2. 29.4 24.6-35.%4 28,8 0.0853 0.0020 D.0140 10549.
. 4.0 T 13. Bs D217l 60.0 . B4533, —-6s ~1201, . 3. M178B. _ 1%, 26.5 24.6-35.4 24.8 0,0929 0,0054 0.015¢ 12378.
5.0 13. 23. 13, 0.162 0.0 83909, ~—16. ~1222. 8. 1103, 38, 26,7 24.6-35,4 23.6 0.0966 0.0090 0.0153 12731.
642 L 42, 18, 0.123 60,03 B1379,. .. ~31, =1210. . 15, 1016.__ 7. 2T+6 24.6-35,4 22.5 0.0996 0.0127 0,0148 12731,
7.9 43, T5. 2% 0.092 60.0 79483, =51, ~1216. 25. 987. 123. 28.3 24.6-35.4 22.0 0,1020 0.0168 0,0145 12731,
—.. B.5 BB, 10C. 24, 0.058 60.0 _T7T331, . —76. ~1219. __ 3B._ 94%._ 1B3. 29.1 24.6-35.4 21.% 0,1048 0,0210 0.0141 12731. _
ACCELERATION AND CONVERSICN
9.5 TT« 125. 33, 0.163 52.1 75633, -136. -1666. 42, 556. _183. 30.0 24.6-27.5 21,2 0.1072 0.0265 0.0138 12731,
10.46  104. 149, 40, N.173 41,3 74672, =272, -2240.  44. 366. 137, 40.5 24.6~-16,7 25.7 0.1085 0.0412 0.0136 12731,
_____ 11.3 140, _ 172, 48, 0.175 33.4 _ 75039, ~293, ~2776. 43, 293.__ 97. 48,5 24.6 -8.8 28,5 D,.1079 0.0575 0.0137 1273].
12,2 184, 195. 57. 0.176 2T.8 75152. 133, -3238,  4l. 260. Tl. 54.0 24.6 -3.2 28,6 0,1076 0.0731 0.0137 12731.
| 12,0 236, _ 218, | 66. 0,181 23.P 75235, 704. =368L, _ %6, _ 250, __ 6l. 5T.6 24.6_ 0.8 27,3 0,1073 0.0888 0,0137 12731,
13.8  293. 249,  75. 0.190 20.7 75302. 1431l. -4154, 87, 253, 67. 60.0 25.6 3.9 25.4 0.1071 0.1044 0.0138 12731,
L 14,6 359, 262,  R4. 0.190 18,3 75171,  2319. -4k69, 136, 266. A8, 62.1 24.6 6.3 23,1 0.1071 0.1700 0.0138 12731,
15.5 434, 294, 964, 0,187 16.4 74S21. 3A370. ~525%, 20l. 285. 124, 63.8 24,6 B.2 20.8 0.1072 0.1357 0.0137 12731.
_ l&.4 526, _ 30B. 104. D.169 14,8 T2891., 4586, ~3941. 293, 193, 175 64.9 24,6 9.8 1B.0 0,1099 0,1499 0.0134 12731,
17.2  619.  330. 113. 0.18% 13.% 70196, 5969, -1510. 387, 120, 242. 63.2 24.6 11.1 15.3 D.1139 0.1637 0,0129 1273].
N 18.1  725. _ 354. 123, 0.176 12.4 _€6729. 7519 1147T. 499, _117. 324, 62.5 24.6_12.2 12.8 0,1195 0.1766 0,0122 12731.__
19.0  B42. 3783, 1733. 0.172 11.5 62999, .9237. 3944, 632, 183. &21. 61.1 24.6 13.1 10.7 0.1263 0.1891 0.0116 12731,
. 20,0 979, 403, 143. 0,159 1C.7 SR&TS. 1tl21. 6979, 782. 313, 533, 59.9 24.6 13.9 B,8 0,1352 0,.2005 9.0108 12731,
1.0 1135, 431, 152, 0.150 10.0 54137, 13873, L0197, 950. 499. 660 5749 24.6 L4.6 7.1 0.1463 0.2108 D.0100 12731,
R 22.3  1329. 463, 162. 0.128 9.4 48833, 15390. 13748, 1134,  T49._ BOZ2. 56.1 24.6 15,2 5.6 0.15619 0.2179 0.9090 12731,
23.6 1553,  498. 172. 0.118 B.8 43632, 17773. 17463, 1335. 1043, 959, 52.56 24.6 15.7 &.4 0,1R10 0.2220 0,0080 12731.
. 2%.0 1815, 536, 182, 0.107 2.4 38193, 20319, 21450, 1554, 1390, 1131. 47.8 24,6 16,2 3.2 0.2070 0.2195 0.0070 12731._
2647 2132, S81, 192. 9.093 7.9 33752, 27314, 24531, 16B87. L64l. 1239. 43.9 24.0 16.1 2.4 0.2346 0.2131 0.0062 12731,
., 28.5 -24B%._ 628. 202. 0.087 7.5  30721. 23799. 2665T. 1Th4, E7T4. 1288, 40.% 23.1 15.6 1.9 0,?5B0 0,2094 0.005T 12731,
30.3 2882, 6TT. 212. 04.983 7.2 27762, 25327, 2889R, 1803, 1913, 1341, 35.8 22,3 15,1 1.4 0.2864 0.1973 0.0051 L2731.
3.2 31309. 7289, 222, 0.082 6.9 25021. ?6906. 31254. lBET. 2060. 1398. 29,7 21.5 14.7 1.0 0.3194 0.1732 (.0046 12731.
24,1 3774, TT6. 222, 0.084 6.6 22791, 2A597. 13721, 1940, 2213. 1464, 21.5 20.9 14.3 0.6 0.3528 0,1381 0.0042 12731.
35,9 4167, _9725.__ 247. D,9%5__ 6.3 200T79._30327. 36299. 2015. 2374, 1537, 11,8 20.3 14.0 0,3 0.3860 0.081T 0.0039 1273].
37.8 464t. B7%5. 252, 0,78l 6.0 19816, 37137. 38980. 2097. 2540. 1606. 0.5 19.8 13.7 0.0 0.4102 0.0071 0.0037 12731.
39.8 5153.  928. 258. 0.074 5.9 19342, 32707. 39515, 2083, 2523. 1605. -2.6 19.2 13,3 0.0 0.4194-0,0209 0.0036 12731,
ATRDLANE ™ONE CLTMR TO 10,000 FT
.. _ 39.8 61tS3. 928, 759, 0.0 15.5 24898, L e i _
1TR.7 43774, 10000. 29T. 0.0 12.9 21691

. THE TOTAL NOISE TMPACT IS  0.714390+06

___ NOTSE AT 500 FT SIDELINE= 96.2 EPNLCA

) MOISE AT 20,000 _FT SIDELINE= 62,9 FPNDB

.. _NOTSF 25,000 FT FORWARD CF_YAKEQFF POINT= 60.7 EFNDB -

NOISE 500 €T FORWARD OF TAKEDFF PGINY= 97,4 EPNDR




TILT ROYOR DESIGN
M-30=-110C

__AvERALL

PROGRAM 1974

_POWERPLANT

- ... .DESIGN_ ITERATIONS: 6

FUSELAGE

___STRUCT TECHNOLOGY FACTORS _

GRISS WETGHT (LA} 10677S. INST NORMAL PWR ([HP) 22B44 . *¥LENGTH (FT) 110.0 *ROTOR 1.00
EMPTY WEIGHT (LRI T4T57. ®=NUMRER DF ENGINES 2. *DIAMETER {FT) 13.0 *TRANSMISSTION 0.83
TUFL WEIGHT (LB} 9%68. *EXCFSS FACTOR HEL MODE 1.30 #DRAG FACTOR 1.00 *ATRFRAME 0.T8
PAYLDAD (LR} 22450, *% RATED EMRG HVR L. 14D. o I, *ENGINE (HP/LA1 CB.50
CRUISE SPEED (MPHI 455, * COMNV + CLIMB 120. FLAT PLATE AREAS (SF) =ENGINE TNSTALLAYION 1.50
_. L/D CRUTISF . 10,91 o CRUISE | e 90 WING PROFILE __ T.11__ . ) - T
*XRANGE (STAT MY} 500, INST PWR EMRG HVR (HP) 22844, FUS ELAGE 9.00 DESIGN MISSTON
*PASSENGER SFATS 110. CONVER  [HP) 15878, . EMPENNAGE e, %426 XFTELD ELEVATION (FT) 0.
*CARGD (LA) o, CRUISE {HP) 16403, TOTAL PROFILE 24,65 SAUND SPEED HvR {FPS) 1117,
R . *SFC (LB/HP HR) _ 0,400 WING INDUCED 4.3T _ *STD DAY TEMP (DEG F} 59,

ROTORS KEMERG HOVER ALT (FT) 2003,

_ «N{SC LNADING (PSF} 12.00 DRIVE SYSTEM .. _ CO™MPONENT WEIGHTS (LB) B __ *HOT DAY TEMP (DEG F)___ 95.
qARTUS {(FTI 31,6 *EFFYCIFMCY 0.97 ROYTORS 1065648, *CT/STGC MAX 0.150
soLiniyy 0.144 HFL MODF WEIGHT (LB} 11587, DRIVE SYSTEM _ _ 1424%0.  *MAX ACCELERATION (G) 0.25 _
AL ADE CHORD {FT) 4,24 ATRPLANE WEIGHT (LA} 14240, PRWERPLAMT 4031, *NESIGN CRUISE {MPH) . 400,

. YOTAL RLADES B . _ NACELLES .. 1973, _ *CRUTISE ALTITUDE {FT)  15000. _

*TT/516G HOVER 0.127 WING FUEL SYSTEM 1457, SOUND SPEED CRSE (FPS) 1058B.

_¥PROFILFE DRAS CNEFF g.010 BRFA [SF) . 1124, MING e _ BSAD, __ *MAX DECELERATION (G) _.0.20
T DOWNLAD 5,2 *LOADING EPSF) 95.0 FUSELAGE 10944, *STRUCT LOAD FACTOR 4.5

__*EFFICTENCY HOVFR 0.85 ASPFCT RATIO 7.25 EMPENNAGE . 2082, _ ®FLIGHT CRFM 2. .

- * CONVER .83 SPAN (FT} 90.13 LANDING GEAR 3203, *CABIN CREW : 3.
CRUTSE 0,69 _ MFAN CHORD (FT} 12.4%  FLIGHT CONTROLS 56548,  *ATC SPEED LIMIT e NES
HEL MDNE WFIGHT (LR} 10668, *THICKNESS/CHORD RATIO 0.210 HYDRAULICS 423. |
- AERPLANE WETGHT (LR} _ 10311, *TAPER RATIC __ DeTO__ _ELFCTRICAL . 2427, L
*TIP SPEFN HOVER 620. SWEFP {NEG] -5 b INSTR+AVIONICS 949, e
Lk CRUISE 550, CRUTSE LIFT COEFF .. D.28 _ AIR CONDITIONING _reso. - U
*FUSELAGF CLEARNCE (FT) 2.0 MAX LTFT COEFF CONVER 1.34 FURNISHINGS - 4900,
___*MAX HFL MODE aAnDV RATID C.40.  *MAX LIFT CDEFF CLEAN l.40Q _ FLUIDS . S3&4. i L e L
" #FLAP AREA/WING ARE4 0.25 FLTIGHT CREW 400.
_._% INNICATES INPUT VARTABLE __.CLIMA SPD/CONVER $PD _ 1,07 CARIN CREW 459, e
DESIGN MISSTON SPFED . HETGHY  DIST TIME __  FUEL [ . _ I
MPH Fr M MIN LA
_. TAXEQFF R LANDING — . . 2,00 209, - e - e e
ACCEL. & CONV, 9900, 0.9 6.59 5.
__ AIRPLANE CLTMA _18249225.___ 14100, 12,3 __3.44% - 465,
ACCEL. TO CRWUISE 11.0 1.79 243,
.. CRUISE . L a5S. . L %36.,5 5T.56 __ 63683, . i — _ e e _
ATRPLANE DESCENT 455.4292. 14100. 38.4 6.67 105.
DECEL « & CDONV, . 90C. 0.9 1.01 20 R e e
~ TOTAL - 5000 73,28 1419,
o .—._ PESERVE e e . 2000 2089, . _




M-80-110

STAGF LENGTH (M1.)
CRUTISE ALTITUDE (FT,
CRUISE SPEED {MPH)
CRYISE L /N

CRUTSE DTSTANCE (M[.
BLACK TIME (MIN.}
3L0OCK FUEL {1A.)
BLICK SPFED {MPH])
DIRECT

NPERATING C

ATRFRAME COST {&/LB)= RO.D
00C=1.42+7,0212%5L $/SFAT-TRIP (SL=

HO®? LENGTHS 50+1

_STAGF LENGTH

NO, CYCLFS/STARTS
FLIGHT CRfW

FUEL R 2TL

Hutt INSURANCE
TATAL FLIGHT 0OPS
LARGR BIRFRAMF
MATERFAL ATRFRAME
LAROR FENGIMNES
MATFRTAL FNGINES
MAT,. RIIRMEN

TOTAL MEINTENANCE
NEPRECTIATINN
TOTAL DIRELCT
$FAIRCRAFT MILE
$/FLTGHT ANUR
$/SEAT MILF

£ /SEAT-TRIP

DPERA

1
0

y 2
1
}

08T .

50+

25.
171
0.570Q
0.711
N.795
2.C77
Ne637
0.399
Neabs
1.259
1.432
4.183
23204
TING
B.564
513.4
L0770
1.95

25.
00C.
296.
4.11
17.3

8.5
&41.
177.

&

1

0+ 0O+
50.
L/1
0.453
J.5132
0.633
1.599
N.416
0.240
0.252
0.67R
D.868
2.453
1,832

COsT
5.884
1327.4
0.0525
2.67

50... . 75 190, _. 150, ___200._. 300... . 430, _ 500, _ . _ —_
g00. 100Cl. 12500, 15000. 15000. 15000. 15000. 15000,

IS, . _ 463, .. 46B.. ... 6GBe.__ 46B.. . 46Be__ .. %6B. ._._568,. I
4.10 9,42 10.03  10.560 10,60 10.60 10.60 10.60

14,7 25.2 . 42,2 . B&J2? _ 134,2 _ 234,2  334,2 434,2 [ . ;
13.5 16.5 20.0 26.8 33.2 46 .0 58,9 71.7

924,  1345. 1690. .. 2448, _.3210. .. 4T17.. _ 6203, _ T667e.__ . _ ._ _
222, 273, 300. 335, 361, 391, 408, 418,

ANN UTILTZATIONIHR)=2000. DEPRECIATION PERTOD{YRI=1G. LABOR RATE($/HR)= 7.00
ENGINE COST ($/HP}= &0.0  INSURANCE RATE=0.040 FUEL COST (CEMTS/GAL)= 18.0 -
25..500.)
0=200 100+200+ O+ O+ 0=300 2004200+ O+ O+ =400 -
5. 100, 150. 200, 300, _ 400. . SDO.._.. _20M7. . . 300, .

1/1 1/1 1/ L/1 171 171 11 271 211 2/1
0.369 0.336  0.300 0.279 0.258 0.24T7 0.241 0,355 0,309 0.287
0,457 D.469 D.453  0.445 0.436  0.430  0.425 0,468  0.453 0,445
0.516 0.469 0.419 0.389 0,360 0,345 0,336 0.4T2 0,416 0,389
1,282  1.274  1-171 1.113  1.D53  1.022  1.002 1.295 1,178 1.121
0,216 0.271 0.225 0,200 _ DB.1T5 0,162 _0.155 _ D.269 0.221 0,198 _
04178  0.149 0.119 0.104 D.088 0,080 0.076 0.144 0.115 0.10
0,176 0.139 0.10F 0.782 0.063 0.054 . 0,048 _ 0,124 9.591  0.075 _
0,471  0.370  0.268 0.217 0.165 0.139 0.124 0.328 0.239 0.195
0,638  ©0.533  0.424 0,366 . 0.309 0,280 _ 0.263 _ 0,512 0,406 0.355 _
1.779  t.461  1.137  D.968  0.800 0.715 0.665 1,377 1,073 0.92%
1,467 1.358  1.212  1.127__ 1.0%41 _ 0.999 _ 0,973 __ 1,367 1,204 _ L.12T _
4.655  4.054  3.521  3.208 _ 2.89%  2.736 . 2.639 _ 4.039__ 3,455 _ 3.172

1769.3  1226.9 1182.3 1159,1 1131.&6 1115.4 1104.6 1202.5 1168.2 1145,0
0.0473 0.0372 0.0320 0.0292 0.0263 0.0249. 0.0240 0.0367 0.0314 0.0288 _
3.17 3.72 4.80 5,83 7.89 9,95 12,00 7.34 9.42 11,53




, . M-80-110
DEPARTIIRE PATH TN 10,000 FT

MSL

. _ MAX FNSE ANGLE=29, ORSTACLE CLEAR ANGLE=60. GASTACLE HEIGHMT=100.

NOTISF
NOTSFE
NOISE

NOISE

_TIME  DIST ALY VEL  ACC GAM
SEC FT FT FPs ¢ OFG
oo . DBSTACLE CLEARANCE _
3.1 4. 7. 3, 0.C50 60.0
. 4.0 Ts 13, . Bs 0.lTL 60,0
5.0 13. 23, 13, D.159 60.C
6.2 24. 42, 18, 0,125 40,0
7.0 43, 75, 23, 0.09? 60.0
. ... B.,5 58, 109, . 24. 0.957 60.0
ACCFLERATION AND CCNVERSICN
9.4 The 124, 33, 0.168 52.1
1.3 10%.  147. 40. D.175 &1.2
_11.2 138, 173, 49, D.1TB 33,3
12.1 182, 193, 57. 0.178 27.8
_ ¥2.9 234, 216, _ &&. 0.180 73.7
13.7  ?91. 2?38, 15. D.192 70.6
14.6  356.. 259  B&, 0.191 18.2
15.4  430. 281, S4. 0,188 1h.3
16.3  520. 335, 106. 0.172 14.8
7.1 1% 227, 113, D.186 13.5
. 18.0  TIT, 350, 1?3, 0.179 12.%
18.9 B33, 373, 133. 0.175 11.5
19.8 967, 399, 143, 2.162 10.7
29.9  1122. 4?5. 153, 9.153 10.0
. _ 27.0 1308. 457. 162, 0.132 9.4
23,3 1526, 490, 172, 0,121 9.8
24,7 _17872. S28., 182. 0.110 8.3
26.3 2087, S5TO. 192. D.CB96 7.9
. 28,0 2430, 616. 202. 0.090 7.5
9.8 2809. A63. 212, D.0B6 T.2
. 31.7 32137, T12, 222, N.085 6,8
33.5 3677. 759. 232. 0.086 6.6
) 35,3 4057,  AOT. 247. 0.087 6.3
37.2 4531, B57, 252. 0.082 6.0
39,2 5047. 909. 261« 0.078 5.8
ATRPLANE “0DE CLIMB T} 10,000 FT
_ 39,2 5047, 909, 266. 0.0  15.1
178.0 44T45. 10090, 306, 0.0 12.%6
_THE TOTAL NDISE TMPACT 1S 0.93182D406

AT 500 FT SIDELIME= 97.3 EPNCB

AT 20,000 FT SIDFLINE= 64.6 EPNDBR

THRUSY
Le

113396,
124829,
123577,
1204135,
117328,
114123,

111674,
1102280,
113813,
116990,
trres9,
111250,
Litess,
112757,
1CTT66.
103735,
IRE4LR
93138,
R&TBR.
ROOGS,
T2293.
54636,
56621,
49TRT.
45312,
4N938.
36893,
33608,
30951.
29260,
28226,

35896.
31265.

LWGD

Le
=1l.
-Ba

—~2%.

-45,

-T4.

-110Q.

=-197.
-395,
=411,
204,
1028,
2075,
3353,
48587,
6619,
8609,
10849.
13312,
16024,
18976,
22168,
255497,
29262,
322R4%.
A4441.
36659,
38553,
41409,
43921.
46548,
47343,

_LHGY1 | DWGD
LB L8
~1476. 0.
—1803%. 4.
-1814a. 11.
‘—-1828, 22. .
-1829, 6.
-1R27.. __ Sh..
-250%t. _ 6l..
-3373, bh.
—4177.,. bB2.
-4871, 59,
-5538. 81,
—-&246, 12B.
-T070. 199,
~-7893. 795,
-5873, 417,
-2228. 563.
1732, T34.
5910. 93l.
104636, 1152,
15239, 13199,
20536. 1671.
26077, 1967.
32024, 2218,
A6896. 2506.
40996, 2591,
43470, 2680,
47017 2774,
50732. 2884,
S4612, 2996,
S8547. 3117.
59431, 302t.

MAY ACCEL ROTATION RATE=20.

DWGT  DFUST ALP  THE _AWD
LB LB OEG DEG DEG
1935. 2. 29,4 24,6-35,6
1770. 18, 26.5 24.6-35.4
1640. 50. 26.8 24.6-35.4
154%. . 9T. 27.5 24.6-1%5.4
1480, 161, 2B.3 24.6-35.4
1415, 240, 29.2 26.6—35.4
B34. 239 29.8 24.6-27.5
549, 179. 0.4 24.6=16,.6
441, 126. 4B.5 24.6 ~8.7
393, 93. 53,9 24.6 3.2
3ATH. 8l..57.8 24.6 0.9
384, B9, 60.0 24.6 3.9
404, 116, 62.1 24.6 6.3
435, 164. 63.8 24,6 9,2
297, 232, 64.8 24.6 9.8
177. 320. 63.3 24.6 11.1
172, 428. 62.5 24.6 12.2
2T4, 556, 61.2 24.6 13.1
4T3, T0%. 60,0 24.6 11,9
758, 870. 58.0 24.6 14.6
E130, 1057, 56.2 24.6 15.2
1588. 12&4. 52.7 ?%4.6 15.8
2117, 1490. 48.0 24.6 16.7
2535, 1647, 43.9 24.1 16.2
2739, 1713. 40.3 23.2 15.7
2955, 1784. 35.7 2Z.4 15.2
le2, 1861, 29.5 21.6 14.8
3419, 1949, 21.3 21.0 l4.4
3667, 2040, 11.5 20.4 14,1
3925, 2133, 0.1 19.9 13.8
3793, _2099. -2.6 18.8 13,0

12.9

ACCEL BUILDUP TIME=

ALV _LAMDA cT

DEG

MU

0.0140
0.0154%
0.0152
0.0148
0.014%
0.0141

0.0853
0.0929

Z28.8
24.8
23.6
22.6
22.0
2.3

0.0020
. 0.0054
0.0969 0.,0090
0.0994 D.0127
0.1020 0.0168
0.1049 0.0210

213
25.7
28.5
28.6
27.3
25.4
23.1
20.8
18.0

0.1072 0.0267 Q.0138
0.1085 0.0412 0.0136
0.1979 Q.05T7T4 0.0137
0.1076 0.0731 0.0137
0.1074 Q0,0838 0.0137
0.1070 6.1044 0.0138
0.1070 0.1201 0.0138
0.1071 O0.1398 0.0137
0.1098 0.1500 0.0134
0.11%8 04,1637 0.0129
0.1194 0.1767 0.0123
0.1261 0.1892 0.0116
0,1350 0.2007 0.0108
O.1460 0.2110 0.0100
0.1615 0.21A3 0,0090
0.1804 0.2225 0.0081
042061 0.2203 0,0071
CeZ349 00,2128 0.0062
0.2584 0.2390 0.0057
0.2868 0,1967 0.0051
0.3200 0.1722 0.0046
03535 D.1366 0,0042
0.3_0.38565 0.0796 0.0039
0.0 0.4103 0,0044 0.0037
0.0 0.4253-0.0209 0.0036

15.3

10.7

POWER

15582,
18281. .
18803,
18823,
188053,
18803.

HP

18803,
188013,
19803,
18803,
186803,
L8803,
18803, _
18803,
18803,
18803,
18803,

18823,
195803, _
14803,
LAAd3,
188013,
18803.
19803,

18803,
18803.
18803,
18803,

LBBO3.
18303, _

254000 FT FORWARD DF TAKEQFF POYNT= &2.4 EPNCB  _

SDO FY_FORWARD OF TAKENFF POINT= 9R.5 EPNDB .




TILT ROTNR DESIGN PROGRAM 1974

Q-80-20 - .- B _ _ DESIGN JITERATIONS: 13 . .
NYERALL o __POWERPLANT e . __ FUSELAGE. .. STRUCYT TECHNOLDGY_ FACTORS__ .
GROSS WEIGHT {LA) 21254, INST NORMAL PWR [HP) 4336,  *LENGTH [FT}) $5.0  =RDTOR 1.00
FMPTY WETGHT (LR) 15295. _ *NUMBER 0OF ENGINFS 2.___ ®NIAMETER {FT} .. 8.5 *TRANSMISSTON 0.83
FUEL WFETGHY (LB} 1960,  *EXCESS FACTNR HEL MODE  1.40  %#DRAG FACTOR 1.00  *AIRFRAME 0.78
PAYLMAD (LA} 4000, %% QATED EMRG HVR 140. e _*ENGINE [HP/LB) ___8.50
CRUISF SPEED (MPM) 401, % CONV + CLIMR 120. FLAT PLATE AREAS (SFJ *ENGINE INSTALLATION 1.56.
L/D CRUISE - CRUFSE 90,  WING PROFILE__ __ __ 2.00 ) .
*RANGE {STAT MI) 500. INST PWR EMRG HVYR [HP) 3RS8S, FUSELAGE 3.38  DESIGN MISSION
*PASSENGER SEATS 20, CONVER  (HPY 290T. _ . EMPENNAGE ee_.. 1420 ®FIFLD ELFVATION {FT) 0.
¥CARGO (LA 0. CRUISE  [MP) 4334, TOTAL PROFILE 7.97 SMUND SPEERD HVR (FPS) 1117,
*SFC {LB/HP HR} 0.400  WING INDUCED _..0.9% *STN DAY TEMP (DEG F) 59,
RATNRS ®EMERG HOVER ALT {FT) 2000.
*DISC LDANING (PSF) 9,00 DRIVE SYSTEM . ... COMPONENT WEIGHTS {LB) ... ®HOT DAY TEMP {DEG F} 95,
RANTUS [FT) 19.4  *EFFICIENCY 0.97 aOTORS 2327, *%CT/SIC MAX 0.150
SOLIN[TY C.179 MEL MNDE WEIGHT [LB} 2148, DRTVE SYSTEM 2549,  *MAX ACCELERATION {G) 0.25
BLANE CHORD (FT} 1.81 ATRPLANE WEIGHT (LB) 2549, POAMERPLANT 765,  =DESIGN CRUISE {MPH) %00.
TOTAL BLADES -2 . NACELLES 38,  *CRUISF ALTITURE (FT}  15000.
eCT/SIG HOVER 0.120 WING FUEL SYSTEM 6. SOUND SPEED CRSE (FPS) 1058,
i ®PROFILF DRAG COEFF 0.010 _ ARFA (SF) 283, _ WING 1587, _ %MAX DECELERATION (G} 0.20
% DOWNLDAD ‘ 4.6  FLOADING (PSF) 75.0 FUSELAGE 2731.  ®=STRUCT LOAD FACTOR 4,5
*EFFTCEFNCY HOVFR 0. 85 ASBECT RATIN 8.5T FMPENNAGE 414, _ *FLIGHT CREW 2. &
x CONVER c.R3 SPAN (FT} 49.3 LANDING GEAR 638,  *CARBIN CREW 0. 1
CRJISE C.Tl _ MEAN CHORD (FT) . 5.75 _ FLTGHT CONTROLS 6T2.  *ATC SPEED LIMIT YES O
HEL MTODE WEICHT [LR} 2166,  *THICKNESS/CHNAD RATIO  Q.210 HYDRAULICS 188.
o AIPPLAME WEISHT (LS} 2327.__ *TAPEFR RATIN . C.TO___ ELECTRICAL 24T, o
«TIP SPEED HIVER 480, SWEEP (DEG) -5.2 INSTR+AVIONICS 580,
* CRUTSE 480, CRUISE LIFT COEFF 0.29 __ AIR CONDITIONING . ___ 760, _ .~~~
*EUSELARE CLEARMCE (FT} 2.0 MAX LIFT COEFF CONVER 1.76 FURNISHINGS 1300.
. *MAX HEL MODE ANV RATIN 0,60  MAX LIFT COEFF CfEAN L.40 __ FLUIDS o 106,
. *FLAP AREA/WING AREA 0.25 FLIGHT CREW 400,
~ * INDTICATES TMPUT VARIAPBLE ... LLIMR SPN/CCNVER S$PD J1.11 ____ CABIN_CREW. 0, e i -
DESIGN MTISSION SPEED HETGHT  DIST TIME FHEL ) e
MPM FT M1 MTN LA
TAKENEF £ LANDING 2.00 b e e _ e
ACCFL, & CONV, 1000. 0.8 0.66 15.
e ... ATRPLANE CLIMB  146.,180, 14000. 9.3 _ 3,42 81, o e
ACCEL. TN CRUISE T.9 1.48 37.
CRUISE . 401. 452.3  6T.7T _M40R. . )
ATRPLANE DESCENT 400.,292. 14000.  28.9 5.18 144
DECEL. & CONV. o LO00. . 0.8 t.22 . P X e o
—— ot 500.0 ___81.71 1596, -
-_RESERVE . .___ . o 20,00 - 363,




S Q-980-20 . .. .._

. STAGE LENGTH IMI.) 25, _50. 5. 100. 150. 200. 300. 400, 500.
CRUISE ALTITUDE (FT,} 2000. 4900, 100Ct. 12500. 15000. 15000. 15000. 15000. 15000,
e CRUISE _SPEED_(MPHI 296. 395 400, 397a 400 400. 400 400, 400. -
= CRUISE L/D 10.463 10.62 8.20 B.61 9.17 9. 17 "G 17 9.17 917
S . CAUISE DISTANCE (MF.} | 18,2 37,4 38,6 58,3  101.6 15).6_  251.6  35l.6 _45\e6. __ _ .
T BLOCK TIME (MIN.) B.9 13.9 17.4 21.5 29.3 36.8 51.8 66,8 81.7
: . BLOTK FURL (LR.) ~ 134, 199 _281.  __ 356. . S513.___ 6T1.___ 984, 1291, 159%%. . . N .
RLOCK SPFEN - [MPH) 169. 216. 259, 275, 307. 326. 348, 359, 367.

T DIREZT  OOERATING  COST =
ATRFRAME COST {8/LAa)= A0.0

DOC=2 «9440,0459%5L $/3FAT-
- __ HOP LENGTHS 50+150+ QO+
e STAGF LEMGTH _ _  25.
NN, CYCLES/STARTS 171
.. FLIGHTY (CAFW 0.55% Q
FYEL & 0IL 0.150 0
e HUOLL TNSURANCE C.168 0
TOTAL FL IGHT OP5 0.872 0
_____ LARMR Al PFRAVE . DwaCe? D
MATERTAL ATRFRAMF 0.129 0
_ LAROR ENRINES ... 04262 0
MATERTAL ENGINES 0.2462 4]
L .oMaT, BURNEN ... 3.8T2 .0
TOTAL MATNTENAMCE 1.912 1
DEPRECIATIAN 0.485 O
TOATAL DIRECT OPERATING COS
L S/AIQCRATT MILE 31,270 2
$/FLIGHT HDOUR 553.5 4
o _ S/SFAT MTLE 0.1635 0.
$/SEAT-TRIP 4,09

TRIP (SL= 25
0+« 0=200 1
50. . _.15..
1/1 1/1
2435 0,362
111 0.105
.132  0.110
678 D.5TT
P68 0208
L.07T9  0.059
Jl45 0,103
129  0.090
2537 Q.404
.15  0.865
L381__ 0.317
4
2219 . 1.7%59
78.4  455,9
1109 0.0880
5.55 &. &0

«+5C0.)
QU209+

130,
171
C0.327
0,099
q.102
0,539

0.051
0.c83
9.772
0,345
0.723

L De265

. 1.566
436.4
0.0783
7.83

G.182

0+ 0+ Q=300
___150.

171 /1
0.306  0.288
0.096  0.09%
0,093  0.087
0494 0.469
0.154 0,139
0.041 D0.036
0.063  0.052 _
0.052  0.043
0.282  D.249
0.593  0.520
0.267 _0.252
1.356 . 1,241
415.9  404.6

0.0677 0.0620
10.16  12.41

... 200e__. _300.. .

1’71
0.270
0.091

- 0,082

Datd3
D124
0.031
0.042
d.233
0.216
De&4T

Jlel27
391.7
0.0563
16.90

0.236_

INSURANCE RATE=0D.,040

171
Q.26
0.090
2.079
0.430

0.029
_0.037
6.028

2004200+ O+ O+

D117

. Q.200

0,411

. 1.070
384.5

21.39

0.229__

ANG DT 1L TZAT 10N (HR 152000 " DEPRECIATION PERTODIVAISTO.  [ABDR RATE{SFARIS 7,00
CENGINE COST ($/HP)= 60,0 .

FUEL._COST (CEMTS/GAL)=_%8.0 _ . ..
02400 - . I _ .
_400. __ S00.___ 200. __ 300._ __&00.
1/1 271 271 271
0,256 D0.354 0,315  0.29¢ . ...
0.089 0.099 0.096 0.09%
0.07T8 __ 0.102 0.092 0.08T o
0,422 D.556  0.503  0.477
0.112__ 0.181 _ 0.153_ 0.139 . ..
0.027 0.049 0.040 0.03%
_ 0.03& ___D.0T6  0.058  0.049 gﬁ;;,ﬁt,,w
D.025 0.064 0.047 0.039 -
0.190  0.335 0.274% Q.73 ., _ S
0.38% 0.704 0,571 0.50%
0.224_ _0.296 _ 0.266  0.252__
1.035 __ 1.556_ 1,339  1.233 _
379.8 ' 431.9 413.3 402.2
 0.0535 0.0517  0.0778 0.06T70 0.06Y7
25.87  15.56  20.09 24,87




"DEPARTURE PATH TO 10,000 FT MSL

Q-8D~20

25,000 FT FORWARD OF TAKEQGFF POINT=

. MAX FUSE ANGLE=20, DRSTACLE CLEAR ANGLE=60. OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP TIME= 5,
TIME DIST ALT VEL ACC  GAM | THRUST LWGO _LWGI DWGO . DWGI __DFUST ALP THE AWD_ ALY LAMDA Mi} £T POWER
SFC FT FT FPS G DEG LB LB LB LB La LB DEG 0OEG (EG DNES ' HP
. ORSTACLE CLEARANCE _ . : . e . e e e e e o
3.1 4, Ts 3. 0.0%0 60.0 22933, ~0. =264, 0. 343, le 2943 24.6~35.4 28,7 0.0953 0.0025 0.0174 2641,
4.0 7. 13. B. 0,171 60.0 24810, =2, “321. ___le 309._._ 6. 26,4 24.6<35.4 24.5 0.1049 0.0070 D.0192 3135,
GaT 12, 20. 13, 0.220 60.0 25759. ~-be =343, 1. 301. 16 25.% 24.6-35.,4 23,1 0.1119 0.0118 0.,.0199 3438,
5.6 19, 34, 18. 0,177 60.0 24936, =12 =349, _ 6.. 265, 32. 26.3 24.46-3%5.% 20.9 0.1156 0.0157 0.0193 3438,
6.7 3z. 56, 23. 0.135% 60.0 24154, —-20. =347, 10. 253, 53, 27,2 24.6~35,4 20.3 00,1193 0.0208 0.01BT7 3438,
_ R.4 55. 96. 7B, 0.092 60,0 23366, —-30. =34be __ 154  241ls_ _T9. 2Re2 24.,6~35.4 19,5 0.1234 0,0262 0.0181 13438,
B.5% 5R. 1on, .28, 3.0%3 60,0 ¢2268R. -42, =350, 2le 234, 110. 29.1 24.6-35,4 18.8 0.1270 0.0320 0.01T6 3438,
ACCFLERATION AND CCNVFRSIDN ] L )
Q.G TT. 125, 37, 0.180 52.4 2?2100. -66., =460, 21. 1l46. 99. 2R.5 24.6~27.8 18.2 0.,1304 D.0372 0.017L 3438.
10.3 106. 151, 44, 04175 42.1 22046. —-124, -625,. 21. 106, Tée 39,4 24.6~17.5 22,2 0.1306 0.0569 0.0171 3438.
11,2 147. 179. 52. N.16N 34,6 22154, -180. -—-T79. 22.a 86 54. 47,9 24,6-10.0 24,1 0.129% 00,0783 00,0172 3438,
.. 12.2  197. 208, 60, Q.62 29.2 P2172. | ~5. =926, 19. 77. 41. S3.1 24,6 —5H.6 23,8 0.1295 0L.09R7 0.0172 3418.
13.1 254, 234, 69, 0.170 25.1 22186. 227. =1081. 23. Th. 35. B56.4% 24.6 -0.5 22.3.0,1292 0.1190 0.0173 3438,
I 321, 761, TR, O0.168 22.0 22135, 520, —-1250. 33. To. 35, 59.% 24.6 2.6 20.7% 00,1292 0.1393 0.0172 3438,
15.0 399, 289, 87, D.16% 19.5 22041, 877, —l441. 49, 8, 4l1e 61,9 2446 5.0 18.2 0.,1294 D.1596 0.0172 34324,
16.0 492, 318, o7, N.1584 17,6 ?2158D0. 1293. —-1247. . 660 55, 62.7 24,6 7,0 15.8 0.13189 0.1787 0.0143 3478,
16,9 587. 346, 106. 0.167 15.9 20681, 1786. =-4B2, 99. 43, T5: 61e3 24.6 846 13,3 0.1371 0.1964 D.0161 343B.
- 18,1 Ti6. 379, _ 114, G135 14.6 19387, 2339, 390, 133, 42, 101. 61.9 24.6 10.0 10.8 0.1458 00,2122 0.0151 3438,
19.2 857. 413, 126. 0.13% 13.4 18i4T. 2959, 1283. 1T4%. 62 134. 60.2 24.6 11.1 8.8 (.1553 0.2781 0.0142 3438,
20.5 1027, 450, 13&6. D121 12.5 16681, 3646. 22Tl. 220. 10l. 174. S58.6 24.6 12.1 7.1 0.1684 00,2418 0.0131 3438.
21.9 1237. 492, 14%, D.I09 11,h 15094. 4399, 3338, 273. 158. 220. S56.3 24.6 13,0 5,58 0,.1857 0.2529 0.0118 3438,
23.% L474%,. 5139, 155, 0,097 1J.9 13401. 5218. 4491, 331, 230, 272. 52.8 24.6 13.7 4.2 0.2089 0.2%94 0.0105 3438,
75.3 1768, 592. 165, 0.085 10.2 11623, 56101l. 5739, 395, 319, 33l. 47.9 24.6 14«4 3.l D.2610 0.2573 0.0091 3438,
. 27,3 2194, 649, 175. D.79B80 S.6 98587, TOSD., 70TV« _46T._ _423._ 396, 40.3 24.6 15.0_ 2.1 _0.2854% 0,2390 0.0078 _3438.
29.4 2495, Til. L85, 7.072 9,1 Rb44, ThES, T956. 499, &8l. 426. 34,7 23.8 14.7 1.4 0.3271 0.2162 0.0068 3438,
. 3l.6 2907. T74. 165. D.072 8.6 TT57. PBR234, B6B4.  519. 522. 45D0. 28.4 22.9 14,2 _0.9_0.3665 0.15884 00,0061 3438,
33.6 3I319. 834, 204, 0.076 R.LZ 7033, 8821, 9452. 542. Sb&. 4T6. 19.8 22:1 132.9 0.6 0.4069 0.14%4 0.0056 3438,
15,6 3735, 892, 2il. 0.07R 7.9 661l. 9241, 10012. 559. .595. 494, 12.8 21,56 13.6 _0.3 0.4352 0.0990 D.0052 3438,
ATRPANE MODE CLIMA TO 10,000 FT :
3I5.6 3735, 892. 213. 0.0 19.8 CAR4L,. e e
167T.4 33927. 10000, 24%. 0.0 16,5 TTOL.
THE TOTAL NOISE TMPACT TS C.990200+05 o _ } L o . _
_NOTSE AT 500 FT SIDELINE= 88.1 EPNOB . o
NDISE AT 20,000 FT SINFLINE= S3.0 EPNNR R o i . . o
NNISF 50,9 EPNDB




.Q-80-80
_____OVERALL .

EMPTY WEIGHT (L&)
FUFL WEIGHT (LR}
PAYLOAD {LR)
CRUTSE SPEED (MPH}
. LID CRNISF o
ERANGE (STAT MI)
__. ®PASSENGER SEATS
*CARGO (LB)

ROTCRS
—.  ®DISC LDADING (PSF)
RANTUS (FT})
SNLIDETY
AL ADE CHIRD EFT)
TOTAL ALADES
*CT/S1G HIVER
_RPODFILE NRAG COEFF
% NOWNLIAD
*CFFICTENDY HOVER
* CONVER
CRUTISE

HEL MODE WFIGHT "(LB1

_ ATRPLANE WETGHT
*TI0 SPEED HOVER
* . canIise
®ENSELAGE CLEARNCE

(L

~*xMAX HEL “DDE ADYV RATIOD

& INDICATES
DESTGN MISSTON

TAXEQFF R LANDING
ACCFL. E CONV.
ATPPLANE CLIMB
ACCFEL. TO CRuISE
CRUISE

ATFPLANE DESCENT
DECEL. & CONV.

. TOTAL

 RESERVE

GROSS WEIGHT [LBI

TILYT ROTOR DESIGN PRNOGRAM 1974

T9928.
57147,
6481,

. .16300.
422,

_. 10.94%4
S00.
A0,

0.

37.6

0.179

3.53

.12

0.120

5.0
0.8%5
0.813

. D70
91594,
Bl
480,
480,
2.0
0,40

1FT)

IYMPUT VARTARLE

SPEED
MPH

L 164,,203,

422, .

42244292,

- 9.00 .

_0.010

6559,

_.. 20400

1338,

. ——— . .DESIGN ITERATIONS:

S

L POWERPLANT _ _ _ . FUSELAGE . ____STRYCY TECLHNOLOGY. FACTORS =
INST NDRMAL PWR {HP) 14640, M_ENGTH (FT) 95.0 *ROTOR 1.00
&NUMAER OF ENGINES . . 2. _ *DIAMETER IFT) ____ . . 11.5 *TRANSMISSION e 0.83
*EXCESS FACTOR HEL MODE 1.40 *DRAG FACTOR 1.00 *ATRFRAME 0.78
. *% RATFN EMRG HVR 140, el e . ®ENGINE (HP/LR) . . BJ50O
* CONY &+ CLIMB 120. FLAT PLATE AREAS (5F) *ENGINE TNSTALLATICON 1.54
o * . . CRUISE . 9%0.___ WING PROFILE____ __ B - TP i R
INST PWR EMRG HVR (HP) 14640. FUSELAGE T.04 DESIGN MISSION
COMVER {HP) 1C953.. . EMPENNAGE e e %G *FTELN ELEVATION (FT} 0.
CRIUISE {HPy 12593, TOTAL PROFILE 21.63 SOUND SPEED HVR (FPS) 1117,
®SFC (LB/HP HR} 0.400 _ _ WING INDUCED___ 3,38 __ *STD DAY TEMP (DEG F} 59, .
#FMERG HNVER ALT (FT} 2000.
DRIVE SYSTEM S — . .__COMPONENT WEIGHTS (LB) e ¥HOT DAY TEMP (DEG F} 95,
*EFFICIENCY 0.97 ROTARS 9559, *CT/7516 MAX 0.150
HEL MDONE WEIGHY (LB)Y . 10545.__ DRIVE SYSTEM_ = 11573, _ *=MAX ACCELERATION (G} 0.25
ATRPLANE WEIGHT {LAD 11573, POWERPL ANT 2583, *DESIGMN CRUTISE (MPH) 400.
NACELLES el .. 689,  *CRUTSE ALTITUDE (FY}  15000.
WING FUEL SYSTEM 747, SOUND SPEED CRSE (FPS) . 105B.
_ AREA {SF} 10664 WING e 708T.___ AMAX DECELERATION (G} _  0.20
* L DADING [PSFY. 75.0 FUSELAGE B156., *S5TaytT LOAD FACTOR 4.5
ASCFECT RATIO T.38 _ _ EMPENNAGE 1559. . *FLIGHT CREW 2.
SPAM [FT) a48.7 LANDING GEAR 2398, *CARIN CREW Za
MEAN CHORN (FT) 012,02 FLIGHT CONTROLS 4353,  =ATC SPEED LIMITY YES
*THICKNESS/CHORD RATIOD 0,210 HYDRAULICS 356.
ETAPER RATIO — _0.TD_ . ELECTRICAL | 1611, . et
SWEEP (DEG) -5.4 INSTR+AVIONICS 826,
CRUTSE LIFT COEFF _0.26 . ATIR CONDITIONING. __ _  Y540...__ . . .. __.... . __ S
MAX LIFY CJEFF CONVER 1.76 FURNISHINGS 3700.
_EMAX LIFT COEFF CLEAN 1.40__.  FLUIDS B 1. 1 o
*FLAP AREAZ/WING AREA Q.25 FL IGHT CREW 400.
_ CLIMA SPDJCONVER SPD _1.25_  CABIN CREW 300,
HE IGHT DIST TIME FUFL__ e _ .
FT M1 MIN LA
. 2.00 134, . o e - o
1000. 0.8 0.59 SD.
L 14000. | 12.0 3.93. 35,
9.8 1.74 148,
44%,1 62,860 4422, _ A e
14C00. 35.4 6.45 61,
C1000, . D.R 10T V4. . o
....500.0 _T8.,38 _ 5145, e

[
!



0-80-8%

STAGEF LENGTH tMI.} 25, 50. T5. . 100, . 150, _ 20Q. .. 300. _ 400.___ 500, __ I — - B,
CRUISE ALTITUDE (FT.} 2000, 4000. 10001, 12502, 15000, 15020, 15000. 15000. 15000.

CRUISFE SPEEN (MPH) . 296, 305, 4273, . 424. __ 422, _ 422. ___ 422, .. %22. __ %422. — —
CRUISE L /D 13.4% 13+ 44 9.83 1C.40 10.94 10,94 10.94 10.94 10.94 -
CRUTSE DISTANCE (MI.) 17.5 35.2 4,9 4T.0 g9.5 . .139.5 239.5__ 339.5  439.5_ _ —_— e e
BLGCK TIME ([MIN,) 8.6 13.7 18.9 211 28.46 35.7 50.0 64.2 18.4 .
BLOCK FUSL [LRALY 439, 639, T05, 1135. 1643, 2152, __ 3161, _ 4l5%6. 513%. . ... . e U
BLOCK SPEEN {MPH) 174. 219. 238, 285, 3l4. 336, 360, T4, 3B13.

NIRECT APERATING €NST = ANN UTTLIZATION{HR1=2000. DEPRECIATION PERIOD(YRI=10. LABOR RATEL{$/HR)= T.00

ATRFRAME CNST (&/LR)= AD,N ENGINE COST (4/HPY= 6040 INSURANCE RATE=D.040 __FUEL COST_{CENTS/GALY= 18.0 . e _
DRC=1.49+0,0246%5 $/SEAT-TRIP (SL= 25.,500.]
HTo LENGTHS 50+150+ 0+ 0+ 0=230 1704200+ 0+ 0+ 0=300 200+200+« 0+ 0O+ O0=400 L _ . _
STAGE LENGTH ?25. 50. . 75 140. . 150, 200. . 30%. ___ 400. __ 500, ___200. _  300. __ 4092. .
ND. CYNLES/STARTS 1/1 1/1 171 171 171 171 11 171 171 2/1 271 271
FLIGHT CREW 0,562 D.446 D.411 0.343 0.311 0.291 0.271  0.261 D.255 0,361 0.319 0.299 . e .
FUEL & fIL 0.438 0.355 0.261 0.315 0.304 0.299 0.292 Q0.288 G.285 0,317 0.304 0.299
HILL [NSURAMCE D.603 ° N.4TH D.441 0.368 0.334 0.312 0,291 0.240 0.2T4  0.370 0.3231 0.312 B . :
TOTAL FLIGHT 3PS 1.653 1.279 1.113 1.026 0048 0.902 0.85% 0.830 0,815 1.047 0.9%4%4 0.910
LAROR ATRFTAME 0.%89 0.3185 D.219 0,259 0.217 f 0,195 _ D.172 D.161 0,154 0,257 _ 0.21& __ Q.94 __
MATERTAL ATRFRAME Nn.317 J.194 0.155 0.124 0.100 0.088 0.076 0.049 G.08G D.119 0.097 0,086
LABDR ENTINES 0.375 0.205 0.148 0.115% 0,085 0.070 . 0.055 0.047 0.043 0.104 D.077 0.064 R _
MATERTAL ENGINES 8.809 .43 0.312 Nn.240 0,176 0143 0.110 0.393 0.083 0.213 0.157 0.129
MAT. BRUPRNEN 1.7253 D.767 0.4C8 0. 4B& 0.394% De344 __ 0,295 Q0.2T1 0.256 _ 0.468 0.379 0.335 I
TOTAL MATNTENANCF 3,342 1.986 «Sih2 1.223 0.972 D.B40 0.708 D.642 0.602 1.161 0.925 0.808 ‘L
DEPRFCTATION 1.7T34 1376 ___1.268  1.059  0.959 __0.B898 __ 0.837 __0.B0&__ 0.788___ 1.063 _ 0.952 _0.B%8 ___ . _ =
TOTAL DIRECT OPERATING COST
¢/ATRCAAFT MILE 6729 4,641 1.922 3.3C8 2.880  2.640 2,400 2,278 2.20%_ 3,272 _ 2.831 2.616
$/FL IGHT HNAUR 11T0.2 1017.3 933,10 942.3 905.5 BB6. 6 864.6  B52.0 843 .,7 928 .0 B9T.0 aTa.%s
$/SEAT MILE 0.0841 0.0580 0.0490 0.2414 0.0360 0.0330__0.0300 _0.0285 0.0276 _0.0409 _0.0354 0,0327 _ .
L/SEAT-TRIP 2. 10 2«90 .68 401l Se 40 6,60 9.00 11.39 13.78 8.18 10.61 13.08




e JA=B0=00 e
" DEPARTURE PATH TO 10,000 FT MSL
MAX FUSE ANGLE=2Q. UORSTACLE CLEAR ANGLE=60. 0OBSTACLE HEIGHT=100. MAX ACCEL ROTATION RATE=20.. ACCEL_BULLDUP TIME= _5..

TIME . DIST  ALT . VEL . ACC _GAM__THRUST__ LWGO___LWGT _DOWGO__DWGI DFUST ALP THE AWD _ALV_ LAMOA _ WO __ CT __ POWER
SEC T TFY FPS ~ G 'DEG 19 LA Ls LB ‘LB ‘LB DEG DEG DEG DEG HP
.DBSTACLE CLEARANCE . _ P I, e e e [
3.1 4 Te 1. 0 DSD 50.0 B4B41. - -1, ~1078. 0. t406.- Ze 2943 2456-35.4 28.7 0,0954 00,0026 0.0175 9952.
4.0 T. 13. . Be D171 60.0 93387. © —8. ~-1312. 4o 1264. . . 14e 26.5 24,.6-35.4 24.5 0.1050 0.007G 0.0t92 L1807V, .
4.7 12. 20, 13, 0.221 50.0 96985, -21. ~1403. 10. 1232, 38. 25.5 24.6-35.4 23.72 0.1120 0.0116 0.0200 12952,
S.6 19. 33, 18, 0.178 60.0 <3888, . —41, —1428. . 20. 1083, 75. 26.% 25.6-35.4 21.0 0.1157 0.015T7 0.0193 12052,
6.7 32. 55. 23. 0.137 60.0 90964, -68, 1420, © 34. 1034, 123, 27.3 24.6-35.4 20.3 0.1194 0.0208 0.0187 12952,
R.4 55, 95, __28. D.C94 60,0 B7984, _—102, -1414. _ SO._ 985, 184, 2B.2 24.6-35.4 19.6_0.1234 0.0262 0.0181 12952, .
A.5 58. 100. - 28. D.D56 60.0 B54315. -142. =1430. T0. 9556. 257. 29.2 2456-35.4 18.9 0.1271 0.0320 .0.0176 12952,

ACCELFRERATION ANN COMVERSION e . . . . . R
9,5 - 81. 131. 37. N.147 52.8 83136, =225, -1859, T2. 605. 239, 37.1 24.6-28.2 18,2 0.1306 0,0374 0.0172 12952,

10.4 1t1. . 15A. 44, 0,170 42,7 82772, =421, -2518. _ T4. 445. 185, 39,2 24.6-18.,1 22.0 0.1310 0.0571 0.0171 12952,

It.4 152. 187. 52. 0.157 35.1 B3226. -640. ~3146. 75. 3644 136, 47.8 24.6~10.6 24.0 0.1302 0.0784 0.0172 12952,

,:,Ma___*m.12-4 L PD4e _ Z2LTe .80, 0.159 29.6_ E3A68, _ —63. -3T49. _ 6T.. 328. 104, 53.1.24.6 -5.1.23.7 0.1297 0,0989 0.0172 12952.

[

[N

. A& 2715. 0 157, 195, 0.078

"NOTSE AT 500 FT SIDELINE= 91.5 EFNCE
'NDISE AT 20,000 FT SIDELINE= 58.9 EPNDB
“NOTSE 75,000 ET FORWARD OF TAKEOFF PCINT= 56,5 EPNDA

"TUNOISE 500 FT FORWARM DF TAKECREF POINT= 92,5 EPNBB

13.3 261, 244, 69. D.168 25.5 B3526. T02. —=43B4. 79. 320. 8T. 56,5 24.6 =1.0 22,3 0.1292 0,1193 0.0173 12952,
14.3 129, 272, 79. 2.167 22.4 B34T76, 1668, -5076. 113. 328, 86, 59.4 24,6 2.2 20.4 0.1290 D.1397 0.0173 12952,
15.2 407 390. 87, 0.163 19.9 B3I299. 2845, =5855. 170. 349. 100. 61.8 24.6 & 18.4 0.1289 0.1601 0.0173 12952,
16.2 SQ0. 330, 27, 0.154 17.9 B180D2.. 4238, »5245. 249. 293, 130. 63.2 24.6 &
17.1 592, 357. 10T7. 0.173 16.2 TAS46, 5848, —-2235. 152, 179, 175. 81.6 24.6 8
18.2 Ti4. . 389, 116, D.143 14.8  T3AIBY%. 7T679. 12C6. &77._ 165. 236, 62.1 2476 9
19,3 R49. 422, 126, 0,140 13.7 €914T, S730. 4746, 62%. 244, 313, 60.8 24.6 10
20.5 1008, _ 4%8. 136, 0,129 12.7 63772, 12002. P&30. 795. 407. 404, 59.3 24.6 1]
21.8 1195, 4497, 145. 0.11B 11.8 57628. 14494, 12393%. 9B9. &47. S11. 57.2 24.6 12.8

23.3 1416, 540, 155, 0.107 Il.1 51673. 17205, 17371, 1205, 960. 633, 54,0 24,6 13.5

24.9 1679, 5AB.  1A5. D.096 10+4 45085, 20134, 22275, M4bh, 1344, " T70. 49.6 2406 14.2

26.T 1985, _ &4l, 175, 0.087 9.8 38414, 23279, 2754%5. 1705. 1796, 922, 42.8 24.6 14.8
28.6 2334, 698. 185, 0.081 3 32424, 26355. 32739, 1949, 225T. 1068, 33,9 24.4 15.1

8 29033, 29243, 35738, 2027, 24464 11230 27.5 23.5 14,7
& 26%46. 30277. 3EA98, 2119. 2646. 1188. 18,7 22,7 14.3

0 242R0. 32379, %22V5. 2215. 2855. 1256, 8.1 2la .9 14,0
&
3
1

0.1535 00,2293 0.0144 12952,
0.1659 09,2435 0.0132 12952,
0.1821 0,25%4 0.0121 12952.
0.2038 0,.2633 0.0108 12952,
0.2337 0.2639.0,0094 12952,
0.2751 0,2507 0.0090 12952,
0.3286 0.2139 D.00568 12952,
0.3691 ¢.1831 0.0061 12952.
0.4096 0,1376 D.0OSS 12952,
D.44T4 0,0654 0.0051 (12952,
0.47T11-0.0348 0.0049 12952.
0.4919-0.0279 0.0047 12952, _
0.5033-0,0280 0.0046 12952,

7
T
4 17,4 0.,1359 0.1972 0.0163 12952,
1
9
Q

9
8
32.5 3109. 815. 204. 2.080 8
14,5 3527. . B8T4. 214, D.079 8
1
7
7

* = « & 3 B 3 4 2 @

CoOQOMMNU O PMNW RN O

16,7 6912, 939, 224, 0,071
I%,.9 4529, 107%.  23%. 0.070
41.2 5066. 1072, 260. 0.069
ATRPLANE MINE LU TWR YO 10,000 FF
51,2 S5066. 1072. 241. 0.0 15.3 26747,
C189.5 43359, 10000. 276. 0.0 12,7 23389, .

23054, 34543. 45385. 2313, 3038. 1326. -3.3 21,3 13,7
22130, 14642, 452B6. 2169, 2836, 1274, =3,2 19.8 12,5
21€29. 34691, 45237, 2098. 2T735. 1252. -3.1 19.1 12.0

CO0QOO D~ MWH =D

TIHE TOTAL NDISE IMPACT 1S 0.356020e06 - T T mommommommomm I

16,0 00,1309 0,1794 0.0170 12952, .

11J0 DLJ1442 0,2132 00153 12952.

8E-T



TILT ROTOR DESIGN PROGRAM 1974

q-80-110 .
OVERALL A
GRISS WEIGHT (LR) 119457,
EMDTY WEIGHT (LR} A7537.
FUEL WEIGHT (LA} 9470,
PAYLOAD (L&) 22450,
CRIITSE SPEFD [MPH) 435,
_ L/0 CRUTSE _ 11,74
*RANGE (STAT WmMI) 590,
%*PASSEMGER SEATS 110.
*CARGH (LS) 0.
’RNTORS
__*NISC LNADEING {PSF} 9,00
RADIIS (FT) 46 .0
SOLINITY 0.179
AL ADE CHORD (FY} 4,32
TOTAL RLADES 12
*CT/51G HIVFR 0.120
_®PROFILE NRAG CMEFF 0.210
¥ NOWNLOAD 5.1
®EFFICTENCY HOVER 0.835
* CONVER t.83
CRYISE 0.70
HEL MODE WEIGHT (LR 14748,
_ AIRPLANE WEIGHT LRI 14829,
®*TIP SPEFN HOVER 480,
* CRUTSF 480.

POAVERPL ANT .
TNST NORMAL PWR [HP)
*NUMRER OF FNGINES .
*EXCESS FACTOR HEL MODDE

*F RATED FMQG HVYR

* CONV + CLIMB
o CRUTSE . .
TNST PWR EMRG HVR [HP)
CANVER  (HP)
CRUISE  ([HP)
WSFC {LB/HP HR)
_DRIVE SYSTEM
®EFETCIENCY
HEL MODE WEIGHT (LB}
ATRPLANE WEIGHT (L8)
WING
AREA (SF)

*LOANTING {PSF)

ASPECT RATIO

SPAN {FT)

MEAN CHDRD (FT}
*THICKNESS/CHORD RATID
*TAPER PATIA

SWEEP [DEG)

CRUTSE LIFT COEFE

XFUSELAGE CLEARNCE (FT} 2.0 MAX LIFY COEFF CONVER
®MAY HEL MODE ADY RATIO 0.40 *MAX LIFT CAOFFF CLEAN
¥FLAP AREA/WING AREA
% TNNICATES TNPUY VARIARLE _ .. CLIMp SPD/COMNVER SPD
NESTAN MISSION SPEFD HETGHT DI1sSTY TEIME
gt} Fr M1 MIN
TAKFOFF £ LANDING 2.00
ACCFL. E CONV, 1000, 0.8 0.57
__ AIRPLANE CLIMB  16B.,209, _ _ _14000. 12.3 L 3.92
ACCEL. TD CRUISE 1t.0 1.88
.. CRUTISE . 435, . 436.7 60.24
ATRPLANE NESCFNT 435,292, 14000, 33.4% 6.74
_ DECEL. & CONV. 1000. 0.8 1,04
L TTAL — - 3000
RESERVE

21885,

i o FUSELAGE |
21885,
2. .

1.40
140.
120.
an,
16374,
17735.

C.400

" 0.91
17082,

18793,

1593,
75.0
7.18

106.9
14.30
0.2190

=5.4
_ 0.25
1.76
1.40
0.75
1.29

*LENGTH (FT}) 110.0  *ROTOR 1.00
*DIAMETER (FTh_ __________ 13.0 _ *TRANSMISSION . 0.B83
*ORAG FACTOR 1.00  ®*AIPERAME 0.78
- L - SENGINE {HP/LB) B.50
FLAT PLATE AREAS {(SF} *ENGINE INSTALLATION 1.54
. WING PROFILE. _  __ ___  _ G.87
FUSELAGE 9,00 DESIGN MISSION
.. EMPENNAGE o 5,89  =FLELD ELEVATION {FT} 0.
TOTAL PROFILE 29.89 SNUND SPEED HVR {FPS) 1117,
WING INNUCED . 4.82 #STD DAY TEMP [DEG F) 54,
*EMERG HOVER ALT (FT) 2000,
__COMPONENT WEIGHTS {LB) __ AHOT DAY TEMP [DEG F) 55,
ROTORS 14829,  ACT/SIG MAX 0.150
DRIVE SYSYTEM 1793,  «MAX ACCELERATION (G) 0.25
POKERPLANT 38627,  ®DESIGN CRUISE {MPH) 400,
NACELLES . 1783, =CRUISE ALTITUDE (FT)} 15000,
FUEL SYSTEM 1432, SOUND SPFED CRSE (FPS) 1058,
WING 10655, _ ®=MAX DECELERATION (G} . 0.20
FUSELAGE 11129,  =S$TRUCT LOAD FACTOR 4.5
EMPENHAGE _..2329,  *FLIGHT CRFW ) 2.
LANDING GEAR 3584,  ®CARIN CREW 3. .
FLIGHT CONTROLS T669., *ATC SPEED LIMIT YES .
HYDRAULICS 43, W
ELECTRICAL 2845, . -
[NSTR+AVIONICS 949,
ATR CONDITIONING  1930._ e
FURNISHINGS - 4900,
FLUIDS . e 597,
FLIGHT CREW 400,
___ CABIN_CREW 450, e e

FUEL
LB
200,
T3.
473,

0.70

DESIGN. JTERATIDNS:

&

_STRUCT TECHNOLOGY FACTORS |

24Q.

.. 6372,

5.
. 20.

76439 7472,

20«00 1998.




... STAGE LENGTH

Q-80-110

{M].)

CRUISE ALTITUDE (FT.}

CoUISE L /N

RLOCK TIME [MING)
RLNCK FUEL (LB}
81 0CK SPEED {MPH)

“o1RECT

CRYISE SPERED (MPH)

CRUTSE DISTANCE {MI,.)

NOERATING CIST . —

25..

2000.
296,
14.13

C17.4

B.6

641, .

175,

ATRFRAME COST (4/0LB)= 8C.0
DUC=1 a4 6+540241%5L $/SEAT-TRIP (SL= 25.,500.1

50. .. 5. 100 150..__ . 200.
4000. 10001, 12500. 15000. 15000.

.300..
15000.

o . %00. .
15000.

. 500e ...
15000.

.. 305.. . 83A.___ 435. . 435. __ 4&35.__ _ 435 _.__ _435.___ 435.
14.17 10.15 10.73 11.34 11.34 11.34% 11.3% 11.%
34,8 . 26,8 . 44.6 __ B6.1 _ 136.1 . 236.1 . 336.1 _ 436.1
13.6 17.0 20.8 28.1 35.0 48,8 62.6 Tou e
928.. 1316, . 1653, . 2386, .. 3125..__ 4590._ 6037.__ T465,
220. 264. 288. 320. 342, 369. 383, 393.

ENGINF COSY (&/HP}= 60.0 INSURANCE RATE=0.040_ .

_300.
1/1
De272
D424
0.434
1.131
0.194
3.107
0,064
0.162
. 0. 238
0.B8R2

L 3.241
1194.5

_ D.D295

1.248

.. HOP LFNGTHS 50¢150+ 0+ O+% 0=200 190+270¢ 0O¢ 0O+ 0=300_ 2004200+ O+ __0+ _0=400
o STAGF LFNGTH o ?5. 50. .. .75« . 100.. ... 150. 200. .
ND, CYCLES/STARTS 1/1 1/1 171 irl 1/1
FLIGHY CoFW 0.572 0.455 0.379 0.348 0.313 0.293
FUEL & Q1L n.712 D.515 Q.6RT 0.459 D.%41 0.433
HIMLL INSURAMCE 9.915 0.7127 D. 606 0,556 0.501 . D.468%
TOTAL FLIGHMT OPS 2.198% 1.697 1.472 1.36% 1.255 1.194
o LARMD ATRFRAME N.6TB . _0.443 _ 0.342  0.285 0.247 0.220 .
MATERIAL ATRFRAME 0.453 0.278 0.209 0.L76 0.142 0.124
LARDR ENGINES D.45% 0.247 0.173 0.137 0.101 0,082
MATERTAL ENGINES 1.7208 D.650 0.454 0.358 0.261 0.212
_ MAT, BRURDEM 1.472 0.%996 0,665 0,562 . D.452 0.39%
TOTAL MATMTENAMCE 4,266 2.514 1.847 1.530 1.203 1.533
_  DEORECTATINN 2.628 2.089 1.740 _ 1.5%8  l.439 _ 1,344
TOTAL DIRECT OQPFRATING  LCOST
L/AYICRAFT MILE 9,792 £.30] S.058 44591 3,898 3.570
$ /FL IGHT HOUR 1592.1 13RT.6 1337.6 1292.B 12446.3 1222.5
_ SSSEAT MILE 0.1827 0,.D0573 0.0460 0.0488 0N,0354 06,0325
$/SEAT-TRIP 2.7 2.86 3.4% .08 5.31 649

8. 84

... 400. 500, _  200.. . 300..
1/1 1/1 271 2/1
0.262 .. 04255 . D.366 0.322
G.419 Qatrlé 0460 0. 442
0.418 0,408 _ 0.557 0.497
1.098 1.077 1.383 1.261
0.181 0,173 ___0.292__ 0.2%3 _
0.098 0.092 0.t70 0.137
D.054 _0.049 _ 0,123  0.091
0.138 0.123 0.317 0.233
0.306 _ 0.288 0,540 _ 0.435
0.776 0.T25 14443 1.1289
1291 1,172 __ 1.601_ 1.428
3.075 2.975 _ 4.42T7. 3,829
1178.4 1167.7 1271.8 1233.3
0.0230 0.0270  0.0402 0.0348
11.18 13.52 8.05 10.44

ANN UTILIZATTON(HR)=2000. DEPRECIATION PERIOD(YR¥=10. LABGR RATE{$/HRY= 7,00
FUEL COST (CENTS/GAL)= 1B.0 _

_ ..5%00.
27
0.301
0.433
0.468
1.202
.219
0.121
0.075
0.191
0.382
0.988
1.344

3.534
1210.2
0.0321

12.85




" TNDISE 25,000 FT

""THE TOTAL NOISE
NOTSE AT 500 FT

NOISF AT 20,000

“NOTSE 500 FT FORWARD OF TAKEQFF POTNT= 93,7 EPNDR

Q-80-110

00 FT MSL

GAM
NEG

0.0

60,0
60.0
6G,0
60.0
&0, 0
60.0

52.8
42.8
35.2
29.7
25.6
22.4
19.9
17.9
16.3
14.9
13.7
12.7
11.8
11.1

—
o

Ll TLIE + e Y - - TN s N

- R0 D DD
‘a2 ow s o vow @

—
NS
& -

]

TMPACT 1S 0.49409D+06

SIDELINE= 92.8 EPNDB

FT SIDELTNE= 60.7 FEFNDB

THRUST
[

126831,
139567,
144965,
140339,
1355968,
131516,
127705,

124254,
123675,
124281

124595,

124860,
124823,
124609,
122423,
117129,
110872,
103491,
95900.
B6A36,
TI573.
671717,

57782,

48500,
4335890,
39343,
36277,
34523,
3982,
31912.

39090,
34124,

DEPARTURE PATH TO 10,
MAX FUSE ANGLE=20. ORSTACLE CLEAR ANGLE=6D,
_..TIME . DIST ALT VEL  ACC
SEC FT FT FPS G
__DBSTACLE CLEARANCE
3.1 6. Te 3. 0.050
4.0 Te . 1% 8. 04171
4.7 12. 20. 13, 0.221
. 5.6 19, 33, 18. 0.179
5.7 37, 55,  23. 0.137
. B.&__ S5, _ 95, 2?9, 0.094
A.5 58 100. . 2B, 0.057
_ ACCELERATTON AND CONVERSINN
2.6 B2, 132. 37, 0.143
10.5 _ 11l. 159.  44. 0.1T0
11.5 153, 188. 52. 0.158
1244 2D4.  21B._ 60. D.158
13.4 262, . 245. 69, 0.168
. l4.% 320,  2T3.  T8. D.167
15.2  407.  301. BBs O.163
16,2  500. 331, 97. 0.15%
17.2  690. 36t. 107. 0.15%9
_ 1.2 713. 391,  116. 0.15%
19.3  A40. 422, 12&. 0.150
20.4 989. 455. 136. 0.138
2l.7 1175. 494, 145. 0,119
23,1 139i. S53h. 155. 0.109
24.7 1648. S84, 165. 0.094
2644 1947, 635, 175, 0.089
28.3 2285,  6£91. 185, 0.084
3.2 266l. T49., 195, 0.080
32.2 3050, 807. 204. 0.081
14,1 3468. 865. 214 0.079
36,3 3951. 930. 224, 0.071
_3B.5 448T7. 996. 234, 0.070
40,8 SH13, 1064, 243, 0.069
ATRPLANE MODE CLIMB TO 10,000 FT
40.8 S013. 1064. 247, 0.0
183.9 44285. 10000. 283, 0.0

DOBSTACLE HREIGHT=100. MAX ACCEL ROTATIDN RATE=2D. ACCEL BUILDUP TIME= 5,

CLWGO . LWGT _ DWGO . OWGT__ OFUST_ALP_ THE AWO
LR LR Le LB LB DEG DEG DEG
-1. -1837. 1. 2135, 2. 29.4 24.6-35.4
~11. ~1991. 5. 1920, 1B. 26.5 24,6-35.4
31, -2129. 15, 18Tl. 50. 25.5 24.6-35.4
. =60s =2167. _ 30. 1645,  98. 26.4 2%.6~35.4
~100. —2156. 49. 1578, 182, 27.3 24.6=35.4
L m1%9. =2147._ Th, 1495, 241, 28.3 24.6~25.4%
-208, =2171. 103, 1451. 337, 29.2 24.6-35.4
-379, ~2817. 106. 920. 315. 30.3 24.6-28.2
-61T. ~381l4.  110. 678, 244. 39,2 24.6-18,2
~940., ~4769. 11l6. 555. 18le 47.7 26.6-10.6
—99, —S5684, 9B, 501, 139. 53.1 24.6 -5.1
1014, -6547. 115, 489. 117. 56.5 24.6 ~1.0
2420, -7697. 165, 503. 115. 59.5 24.6 2.2
4133, ~8880. 249. 53%. 134, 6l.8 24.6 4.7
6160, -7982, 367. 449. 174. 63.3 24.6 6.7
8504, ~3339, 519, 269. 23%. 62.5 24.6 8.3
11168, 1651, 7T04. 246, 314s 61.7 24.6 _ 9.7_
14154. 791B. 924. 364. 4Hlée 60.% 24.6 10.9
17652, 12970, 1177. &11. 535, 59.0 24.6 11.9
21097. 19280. 1464. 984, 675. 5T.4 24.6 12.7
25040. 25109. 1785. 1463. 836. 5%.2 24.6 13,5
29306, 33502. 2140, 2052, 1016. 49.9 24.6 14.2
33886, 41443, 252T. 2745. L1216, 43.3 24.6 14.8
Y48, 49763, 2930, 3516. 1427, 33.6 24,5 15.2
41407, 54324, 3044, 3810. 1501. 27.3 23.6 l4.R.
44390, 59128. 3183, 412L. 1588. 18.5 22.8 l4.4
47479, 64171, 3326. 444T. 1680, 7.8 _22.0 14.0
50588, 68869, 3465. 4T717. L771. =3.3 2l.4 13,7
50736, 68721, 3248, 4400, 1702, —-3.2 19,9 12.6
50849, 68608. 3078, 4153, 1659.

-3.1 13.8 11.7

ALY
DEG

2B8.8
24.5
23.2
21.0
20.3

19.56
18.9

18.2
21.9
24.0

CLAMOA My Y

| 0,095% 0.0026 0.0175

0.1050 0.0070 0.0192
0.1120 0,011 0,0200
0.1157 0.0157 0.0193
0.1194 0,0208 0.01°7
0.1234% 0,0262 0.0181
0.127L 0.0321 0.0176&

0.1306 0.0375 0.,0172
0.1311 0.0571 0.0171
0.1302 0.07R% 0.0172

23.7 0.1298 D.0989 0.0172

22.3
20.4
18.4

"0.1292 0.1193 0.0173
0.1299 0.1397 0.0173
0.1288 0.1602 0.0173
0.1308 Q.1796 0.0LTO
041363 0.1971 0.,0163
0.1435 0.2139 0.015%
D.1527 0.2297 0.0145
0.1649 0.,2441 0.0134
0.1816 0.2558 0.0121
0.202% 0.2640 0.0108
0.2324 0.2650 0.0095
0.2733 0.2527 0.0081
0.3284 0.2143 0.0068
0,3696 0.1821 0.0061
0.4100 D.1361 0.0D55
0.4477 G.0634 0.0051
0.4T11-0,0348 0.0049
_0.4918-0.0279 0.0047
0.5100-0.0285 00,0045

POMER
HP
14881.
17653,
19363,
19363,
192563,
19363, _
19363,

19363,
19363,
19383,
19363,
19363,
19363,
19363,
19363,
19363,
19363,
193563,
19363.
19363,
19363, o
19363- [ o
19363, _ .
19363,
193563,
19363,
19363,
19363,
19363,
19363,

FORWARD OF TAKEOFF POINT= 58.5 EPNDB




TILT ROTOA DFSIGN PRDGRAM 1974

D-/0-20

COVEPALL

GRASS WEIGHT (LAR)

EMPTY WEIGHT (LA}
FUEL WETGHT [LB)
PAYLOAN (LB}

CRUISE SPEED (MPHY

... L/D CRUISE . .
kQANGFE [STAT MIY

_®PASSENGER SEATS |

#CARGA (LB
ROTORS

®#DISC LNADING
RADIUS (FT)
SOLINITY
BLAQE CHORD {FT)
TOTAL BLADES
*CTFSIG HOVER

*PROFILE NRAG COEFF
¥ DOWNLIAD

*EFFTCTENCY HOVER
*

[PSF}.

CONVER
CRYISE
HEL %DDE WETGHT

HIVER
: CRUISE
*FUSELAGE CLEARNCE

“«TIP SPEED
P

*MAX HFL MODE ADV RATIO

% INDICATES [NPUT VAR

DESIGN MISSION

TAKEQFF £ LANDING .

ACCEL. & CONV.
_AIRPLANE CLIMB
ACCEL. TO CRUISE
e LCRUTSE e

AIRPLANE DESCENT

DFCEL. & CONV, _

{LR)
ATRPLANE WEIGHY (LAY

... QESTGN_ITERATIONS:

23

.. __POWERPLANT . e FUSFLAGE e _STRUCT TECHNOLOGY FACTORS . L
22259, INST NORMAL PWR (HP) 3873,  *LENGTH (FT) 55.0  *ROTOR _1.00
,,,,, 16391, *NUMBER OF ENGINES 2. _ _®#DIAMETER [FT) 8.5 __ *TRANSMISSION _  _ 0.B3
1B67.  *EXCESS FACTOR HEL MODE 1,50  *DRAG FACTOR - l.00  *AIRFRAME 0.78
4£000. *7 RATED EMRG HVR R L i e _ *ENGINE {HP/LB} .. BuSO
I%l. * CONY + CLIMB 120. FLAT PLATE AREAS (SF) *ENGINE INSTALLATION 1.60
— . 11a3__ = . CRUISE .. .9D. WING PROFELE____ 2.52___ . . . N . .
500. INST PWR FMRG HYR (HPF 3567, FUSELAGE 3.46 DESTGN MISSION
20. CONVER __ {HP)__2874.__ . EMPENNAGE e 1.5l _ %*FIFLD ELEVATION (FT) _ 0.
0. CRUISE  (HP) 3873, TOTAL PROFILE 9.06 SOUND SPEED HVR (FPS) 1117.
_ *SFC (LASHP HR) 0400 WING [NDUCED_ . l.&4 _ *STD DAY TEMP (DFGC F} ___ 59.
*EMERG HOVER ALT {FT) 2000.
) ~ _7.00_ DRIVE SYSTEM  _COMPONENT WEIGHTS ILBY . *HOT DAY TEMP (REG FY__ = 95.
27,5  *EFFICIENCY 0.97 ROTORS 2663,  *¥CT/SIG MAX 0.150
0.200 _  HEL MODE WEIGHT (LB} 2761. DRIVE SYSTEM_ _ _  30D7. __ *MAX ACCELERATION {G) __  0.25 _
2.35 ATRPL ANE WEIGHT (LB 3007. POWERPL ANT 693,  =DESIGN CRUISE (MPH} 340.
_ 12 NACELLES R 30. . *CRUISE ALTITUDE {FT} 150049,
0.120 WING FUFL SYSTEM 89, SOUND SPEED CRSE {FP$) 1058.
. 0.010 __  APFA ISF} . 353, __ WING - 1854, _ *MAX DECELERATION {G} _ _ _0.20 __
4.4  *LOADING (PSF}) 63,0 FUSELAGE 2750.  *STRUCT LOAD FACTOR 4.5
0.85 ASPECT RATIN 8,72 EMPENNAGE . 434, *FLIGHT CREW .2
0.R3 SPAN (FT) 55,5 LANDING GEAR 668,  *CABIN CREW 0.
0.64 MEAN CHORD (FT} . 6,37 . FLIGHT CONTROLS 718.  *ATC SPEED LEMIT ___ YES I
2569,  *THICKNESS/CHORD RATID  0.210 HYDRAUL ICS 193. .
2663, *TAPER RATIN _0.70 . ELECTRICAL 264, N
400. SWEEP (CEGI -5,2 INSTR+AVIONICS 580.
400, _  CRUISE LIFT CNEFF _ 0434 AIR CONDITIONING _ T&0. . . _ _ .
FT} 2.0 MAX LIFT COFFF CONVER 2.16  FURNISHINGS 1300.
0.40 *MAXY LIFT CNEFF CLEAN 1.40 _ FLUIDS R | § PR I
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
LABLE_ __CLIMB_SPD/CONVER $PD _ 1.25  CABIN_CREW_ 0. o L .
SPEED _  HEIGHT  DIST TIME _  FUEL o : e
MPH FT M MIN . LB
R L 2.0 33, e e
14004 1.0 0.88 19.
e 137.,169,_ 13600, 10.1__ 3.98 ED —_ ~ i}
5.0 1.09 24,
e B&Le. . _. . _.._%Sle4_ _79.53 _ 1357. S I
34140276, 13600.  31.5 6.17 15.
o 1400. . L0 L4l Se e o
- 500.0 95405 \S3&, - 0000000000000
A e 20.00 33l. S



STAGE LENGTH {MI.)
(FT.)

CRUISE ALTITUDE

. D-80-20 _

2

... CRIJISE SCEED (MPH} _ ___ _

CRUISE L/D

CRUTISE DISTANCE (M.}

BLOCK TIME [MIN.)
BLOCK FUEL (LB.}
BLOCK SPEFD (MO

"7 DIRECT DPERATING

L

€IsT- -
ATRFRAME {£0OST ($/LB)= 80,0

25. . 50. .. .
coo. 4000. 10
296, . 305, .
0.16 10.16

B 14 37.3

9.3 14,4
144, 218.
162, 203,

_ . 200._

e MY e

75. .. 100. . 150. . 300. . 400. _ . 500.
00l. 12500. 15000. 15000. 15000. 15000. 15000,
343, __ 3424 _ . 34%1. .. 34)... 34l. . 341,
9.41 10.51 11.13 i1.13 11.13 11.13 11.13
43.3 60.3 _10l.4. . 151.4 _ 251l.4 _ 351.4 _  451.4
19.1 24.0 3.4 42.2 59.8 TT.% 95.1
277 344, 492, 644 _ G46, . _ 1243, 153b.
236, 250. 270. 284. 301. 310, 316

DNC=2 4B T+0, 0536*5L $/SEAT-TRIP (S51= 25.,500.)

HOP LENGTHS SD+150+
_ . STAGE LENGTH 2%,
NO. CYCLFS/STARTS 171
Ft IGHT CREW N.567
FUFL & DIL Dalb1
HULL {NSURAMCE C.l84
TOTAL FL IGHT NP5 0,912
. _LABCR ATIRFRAME T Y 4
MATERTAL AIRFRAME 0,137
LABOR EXNGINES 0.259
MATERTAL ENGINES N.216
MAT, BLIRNCH D.892
TOTAL MATNTENANCE 1.231
... DEDRECIATION B.527
TOTAL DOIRECT QOPFRATING
S FATRCRAFT MILF 3.371
$/FL IGHT HOUR G45,7
$/SEAT MITLE 0. 1686
$/SEAT-TRIP 4.21

0+ D+
5C.
i/1
0,440
0.122
0.14%3
0,705
0.279
0.084
. Dala4
0.116
D.55¢C
1.174
0.409
cosT
2.288
47T7.1
0.1144%
5.72

D=200 1

75.
171
1.390
Q.1C3
0.126
0.619
Q227
0.06%
C. 105
N.0832
D.431
ND.210
0.362

1.A%1
445, 8
0.0G48
7.09

004200+

100.
171
0-.367
0.096
0.119
0.582
G.201
d.054
D. 085
0.066
0372
0.781
.0.341

1.704
426.7
0.0852
B.52

[+2 2

[12 2

L50.
171
0.341
0.092
0.110
0.543
0.175
0.047
0.066
0.04%9
n.312
0.648
0.317

. 1.508

406,5

ANN UTILIZATION{HR)I=2000, DEPRECIATION PERIOD{YRI=10.
EMGINE COST {($/HP)= 63.0

INSIRANCE RATE=D.040

0=300 200+200+
200. ___ 30qQ.
171 /1
0.323 0.305
0.090 0.088
0.105 0.099
0.518 0.492
0.159 . 0.144
0.042 0.037
0.055 0.045
0.040 0.032
0.279 0.246
c.576 0.503
. 04300 0.284.
1.394 __ 1.279_ .
A96.3 384.9

0+ 0+

. 400, .

171
0.296
0.087
0.096
0.479
0.136
0.034%
0.040

0.027

0229
0.467

1.221
3T8.6

0.0754 0.0697 _ 0.0640 _0.0611

11.31

13.94

19.19

24443

. 0.275

_0=400

171
0.291
0.086
0.094
0.471
0.132
0.033

. 04037 _

0.025

D.445

1.187
374 .5
_0.0593
29.67

__.500.

D219

0.27___

2/1
 0.3B1
0.099
. D.119
0.599
. 0.199 _
0.054
0.078
0.059
0.360
0.751

. 1.689 _
ﬁz‘t.a

.. 0.0B45
16.89

200.

_D.340_

LABDR RATE($/HR)= 7.00
FUEL COST (CENTS/GAL)= 18,0

300,
2/1
0.348
0.092
0.109
0.549
0.172 .
0.045
0.060
0.044
0,303
0.629
0.314

l.4B8_
404.8

0.0744  0.0693

22.32

L a00. ____

271
¢.331
0.090
0.105 _
0.525
0.158
D.041
0.052
0.037
0.273
0.561
0.300

1.387
39% .4

27.74‘




D-80-80

. STAGE LENGTH (MIL) 25. __ . 50. 75«  190. | 150.. . 200.._._. 300.._._ 400.. _ 500, __ VL
CRUTSE ALTITUDE ([FT.) 2000. 4000. 10001. 12500. 15000. 15000. 15000. 15000. 15000.
—....CRUISE SPEED {MPH) 296, . 305, 36V, 363, 365.__ 365.____ 365. . 365. __ 365.___ __
CRUTSE L/D 13.08% 13.0% 11.55 12.27 13.07 13.07 13.07 13.07 13.07
CRUTSE NISTANCE (MI.) 17.9 __ 35,5 | 12.4  Sl.6 . 91.B_ 141.8B _ _241.8_ __341.8__ 4&4l.8 _ _. N _
BLOCK TIME [MIN,) 9.0 14,1 19.6 23.1. 31.9 40.0 56.5 T2.9 89.4
BLAOCK FUFL (LA,} U L 725,  748. 1177, 1679, __ 2199, _ 3230, . 4248. 5253,

BLACK SPEED {MPH) 167. 213, 230, 260. 283, 300. 319. 329. 336.

"~ DIRFCT  OPERATING  €AST < ANN UTILTZATIONCHR)=2000. DEPAECIATION PERTOD{YR)=10. LABOR RATE(S/RAY= T.00
ATRFRAME COST {$/LB)= B80.0 ENGINE COST ($/HP )= 60,0 _ INSURANCE RATE=0.040. FUEL COST {CENTS/GALY= 18.0
N7C=1.53+0.0296%5L $/SEAT-TRIP (SL= 25.,%00.) - .

HNP L EMGTHS 50+150+ 0+ 0O+ 0=200 100+230+ O+ O+ _0=300 200+200+ O+ O+ O0=400 __ __ e
STAGE LENGTH 25, 50._ _ 7S. . 190, ___ 159.- . 200,  300. .  400Q. ___500.___ 200. __ 300. __ &00. }
N3, CYCLES/STARTS 171 171 17t 1/1 171 171 /1 171 1/1 271 . 2 2
FLIGHT CREW . 0.57A  D.452 0+419 0.370 0.339  0.320 0.201 0,292 _0.286 ___0.383 _ 0.348 0.328
FUEL £ OIL 0.547  0.403 0.2717  0.327  0.311  D0.305 0.299 0.295 0.292 0.334  0.312 0.305
HIILL INSURANCE 0.730  0.549 . 04508  0.449  0.412 0.389 0.366 0.354 0.348 0,446 _ 0.409 0.389 I
TATAL FLIGHT ObpS 1.322  1.408 1,206 1,146 1.062  1.014  0.966 0,941  0.926 1.163 1,069 1.022
LASGR AFRFRAME 0,629 0,410 0.342 0.289 0.246  0.223  0.200  0.188 _ 0.181__ 0.284 _ 0.243 . D.222_ .
MATERT AL ATRFRAME  0.359 0,221 Q.176  O.l46 D.120 0.107 0.093 0.086 0.082 0.141 0.117  0.104
LABOR ENGINES 0.371 0.203 0.148 0,117 0.088 0.073 0.058 0.050 0.046 _ 0.105 _ 0,00 0.06T g+
MATERTAL ENGINES 0.782  0.421 0.3€3  0.237 0.17% - O.l44 0.112 0.096 0.08T 0.210 0.157 0.130 - 'L
MAT, RIIRNEN 1.300  0.797  0.636 0.527 0.434 0,385 04335 0,310 _ 0.295 _ 0.506 0.420 0.375 I
TOTAL MAINTENANCE 3,442  2.052 1.604 1.316 L.064 0.931 0.798 0.731 0.691 1.247 1.017 0.899
. DEPRECTIATION =~ 2,000 1,569  1.453 _1.285 _ 1.177 __ 1.112 __ 1.046 _ 1,013 _ 0.994  1.275__ 1.169 __1.112_ I
TOTAL DIRECT OPERATING CODST
—S/ATRCRAFT MILE _ 7.284 5.025 4,262 _ 3.74T7 3,303 3.057 _2.810 _ 2.686 _ 2.611  3.685% 3,255 _ 3,033
$/FLIGHT HOUR 1211,.6 1068.0 978.2 973.0 935.9 917.3 895.0 B884.} BT6.3 954.0 928.5 910.1
__$/SEAT MILE . 9.0908B  0.0628 0.0533 0.0468 0.0413 0.0382 0.0351 0.0336 0.0325_0.0461_ 0.0407 0.0379

$/SEAT=TRIP 2,27 3.1% 4. 00 4.68 6.19 T, 64 10, 54 13.43 16,32 F.21 L1z.21 15.16




o

e . 13.8 271, . 295. . &2. D.108 23,1 91653, _~753, =401l. _116,  4&1%. 164. 52.5 24.6 =8.5 20.1 0.1472 0.1205 0.0194 13332,

" THE TOTAL NOISE TMPACT IS 0.1E857D+06

___ ATRPLANE MODE CLEMAR TN 10,000 FY

— ... .D-BO-80 [
DEPARTURE PATH TO 10,000 FT MSL -
MAX FUSE ANGLE=20. DBSTACLF CLEAR ANGLE=60, OBSTACLE HEIGHT=100., MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= 5. _

TIME 0157 ALY VEL ACC  GAM  THRUST LWGO . __LWGT  DWGD__DWGI . DFUST ALP_ THE _ AWO__ALV _LAMDA __ MU _ CT___ POWER __ _

SEC FT FT FPS G DEG LB Le Le Le 8] LB NEG DEG DEG DEG HP
OBSTACLE CLEARANCE e e — et e e o et e e s © e e [ ——
3.1 4. T. 3. 2.050 60.0 93003, -1l. -1125. l. 1457. 2, 29,3 24.6-35.4 28.7 0,1014 0.0031 0.0195 9593,
4.0 T 13. . 8. D.LTL 60.0 102382, .. =104 =137T. . 5. 120l._._l4. 26.5 24.6-35.4%4 24.3 00,1121 0.0084 0.0215 11449._
4.7 12, 27, 13. 0.227 60.0 106760, =-?7T. ~1571. 13. 1217. 3R. 25.3 24.6=-35.4 21.8 0.1202 0.01364 0.0224 12668
St i7. 0. 18, 0,230 60.0 107041, ~-52. ~1578. 264 11534 TS. 25.3 24.6-35.4 20.4 0.1267 0,D1R7 0.0225 13332,
6.3 27, 48. 23. 0175 60.0 102729, -A6. ~1568. 42. 104%4. 12%4. 26.% 26.6-35.4 13,8 0,1320 0.0240 0.0216 13332,
T.5 . 44, ., Th. _ 28, 0,129 60.0 66226._ . =128. =1574. _ 63. 1009.__ 185, 27,54 24.6=35,4 18,1 O.136T 0.0306 0.0209 13332,
Te? 58. 100. 29, 0,085 &6C.0 9%915, =179, -15%6. 88. 980. 259. 2B8.5 24.56~35.4 17.%3 0.1414 0.0374 D.0202 13332,
_ACCELERATION AND CONVERSTICN ) . e .

9. T - 95, 154, 33. 5,090 $5.3 92857, ~2B7. —191t7. 107. 753« 297. 31.0 24.6-30.7 17.5 0.1460 00,0489 0.,0196 13332,
11.0 134, 109, 46, D116 46.T 99372, -—-527. -2536. 11B. 569, 271, 37,9 24.56-22,1 18.5 0,1499 0.0694 0.0191 13332,
12.4 196, 247, 54, 0,111 38.9 <€10%59, -86B. =3257. 123. 463. 210. %b.4% 26.6-14,3 20.3 0.1485 0.0955 0.0192 13332,

15,1 250, . 338, Q. N.121 28,6 S1877. 145. =4939. 109. 400, 134, 55,0 24.6 -45.0 18.9 Q.14865 0.1447 00,0195 13332,
16.4 441, 391. 79, D.121 25,1 91997, 1284, =5756. 130, 409, 12G. 59.2 24.6 -0.6 1T7.0 0.1461 0.1692 0.0195 13332,
17.7 54R, 425. B8. 0,119 22.4 91786. 26TH. =679B. 180. 434. 122, 61,8 24.6 2.2 15.2 0.1457 0.1938 0.0195 13332,
‘1%.1 477, 472, 9f. O.111 20.1 B9522, 4736, -5502. 257, 3I44. 140, 63.1 24.6 4.4 13.0 0.1489 0,2165 0.0190 13332,
20.4 312. 517. 107. 0,116 18,3 85754, &763. -1762. 362, 238. 174, 62,2 24.6 6.3 10.8 0.1561 0.2372 0.0181 13332,
21,8 567, Se64, 11T, 0,112 16,8 T9809. B4R2. 2316G. 495, 267. 223, 6l.4% 24.6 T.8 0.1657 0.2570 0.0170 13332,

91

0.3

21.3 1141, 612. 126, 0,109 15.5% 73952. 10935. 6753. 656, 360, 289. 59.8 246 0.1782 0.2754 0.0158 13332,
24.9 17351, 665. 1346, 9.097 14.3 67281. 13682. 11630, 845, 5Tl. 369, SB.1 24,6 10. 0,1951 0.2915 0.0144 13332,
26,8 1631. 732, l46, 0.078 13,4 59712, 16701. 17004. 1062. BT?. 465. 56,0 24.6 11,2 0.21%93 0.3028 0.0128 13332,
29.0 1965, BJb6. 155. J.07} 12,5 520%0, 19087. 22756. 1306, 1264. S7T6h. 51.7 24.6 12,1 0.2514 0.3375 0.0112 13332,
31.5 2364, 889, 165, 0,083 11.8 4409%. 23539, 28992, 1577. 1735. 703, 45,4 24.6 12.8 0.2975 0.2975 0.0095 13332,
34,1 2802, 975. 175. 0,061 1L.1 _36%45, 27351, 35700. 16874, 2286. Ba4t. 35,3 24.6 13.5 0.38624& 0.2575 0.0079 13332,
36.5 3244, 105T7. 18%, 0.064 10.5 F05561. 31425. 42871. 2199, 2912. 1000, 19.6 24.6 l4.l 00,4406 D.1594 0.00656 13332,
39,0 3718. 1140, 195, 9,763 10.0 27438, 34056. 47282. 2335. 3209. 1079. 7.8 23.8 13.9 0.4B7T 0.068T 0.0060 13332,
41.8 4288, 1235, 2C4. 0.055 9.5 26409. 3658Ll. 51119, 2452, 3426, 1151. -3,9 22.0 13.6 0.5148-0.0442 0.005T7 13332,
44,7 4997, 1332, 214, 0,054 $.0 25204, 36696, 51004. 2290, 3183. 1111. -3.8 21.4 12.3 0.5397-0.0362 0.0055 13332,
47.6 5542. 1430, 222. 0,053 B.7 24352, 34772, 50928, 2179. 30i8. 1092. -3.6 20.2 11.5 0.5587-0.0366 00,0053 13332,

QOO0 OmMNW ~A-D
B F & & & P 3 " s 4 @

OO N NN -2

4T.6 5542, 1430, 225. 0.0  14.0 27174,
212.5 4521&. 1€000. 256. 0.0 1.8 . 22850,

NDISE AT 500 FT STDELINE= BB.4 EPNDB

NMISE AT 20,000 FT SIDELINE= 56.7 EPNDB

NDISE 25,000 FT FORWARD OF TAKEOFF POINT= 54.8 EPNDB

NOISE 500 FT FORWARD OF TAKENFF POINT= 89,2 EPNDB

Sy-1



TILT ROTOR DFESIGN PROGRAM 1974

~D=-80-110 . .. . o L e e e v . DESIGN_ITERATIONS:_15 _
. DVERALL e ... POWERPLANT . FUSELAGE . o ..___STRUCT TECHNOLOGY FACTORS _ _
GROSS WEIGHT (LB) 160657, INST NOIRMAL PWR (HP) 25803, #LENGTH (FT) 110.0  *RATOR . 1.00
EMPTY WEIGHT (LB} __ 126564, _ *NUMBER OF ENGINES . ?e  _ *DIAMETER (FT)__ ___  13.0 _*TRANSMISSION _ _ _ 0,83 _
FUEL WEIGHT (LR) 11641,  *EXCESS FACTOR HEL MODE  1.50  *DRAG FALTOR 1.006  ®*AIRFRAME 0.78
L. .. PAYLOAD (LA . 22450. _ *% RATED EMRG HVR o YAOe e ®ENGINE {HP/LB] 8,50
CRUTSE SPEED (MPH)} 378, = CONV ¢ CLIMB 120. FLAT PLATE AREAS (5F} *ENGINE TNSTALLATION 1.60
_  L/N CRUISE . 13.59 = CRUTSE, . . 930.. __WING PROFILE. __ 15,56
*RAMGE (STAT MI) 500. - INST PWR FMRG HVR (HP} 25803. FUSELAGE 9.21 DESIGN MISSION
__*DASSENGER SFATS C110. CCTINVER ___(HP}_Z0789, __EMPENNAGE .. 9.34 _ A*FIELD ELEVATION (FT)  _  Da
*CARGD {LB) 0. CRUTSE  (HP} 20165. TOTAL PROFILE 41.27 SOUMD SPEED HYR (FPS) 1117,
. o _ ®SFC [LAJHP HR) . 0.600__ _ WENG INDUCED_ __ 9,17 _ *STD DAY TEMP (OEG F} 59,
ROTOSS | +EMERG HNVER ALT {FT) 2000.
__*DISC LOADING (PSF)_ . __ T.00 DRIVE SYSTEM . COMPONENT WEIGHTS {LB) o *HOT DAY TEMP (DEG £} . 95,
RADIUS (FT) | 60.4  *EFEICIENCY 0.97 ROTORS 32505,  #CT/S[6 MAX 0.150
SOLINT TY . 0.201 | HEL MODF WEIGHT (LB)  29841. DRIVE SYSTEM . 30600. *MAX ACCELERATION (G} _0.25
RLADE CHARD (FT} 4,76 ATRPLANE WEIGHT [LB)  30600. POWERPLANT 4553,  *DESIGN CRUISE (MPH} 340.
TOTAL RLANES . 16" . - . NACELLES . 2632._. %CRUISF ALTITUDE (FT)} 15000
*CT/S16 HOVER € 120 WING ) FUFL SYSTEM 20490, SOUND SPEED CRSE (FPS} 1058,
_ . _._%PROFJLE DRAG COEFF___ __ 0,010 _ AREA [SF} . . 2550. ___WING e B97&.___*MAX DECELERATION (G) . _ 0.20
% NOWNLOAD 4.9  ALNDADING {PSF) 63.0 FUSELAGE 11635,  #*STRUCT LOAD FACTOR 4.5
. *SEFFICLENCY MOVER . 0.85 ASPECY RATIOD : © T.24  EMPENNAGE . 313%. _ *FLIGHT CREW N PO
* C ONVE R 0.83 SPAN {FT) -~ 135.9 LANDING GEAR 4820, *CABIN CREW : 3.
CRUTSE D.63 MEAN CHORD (FT) 18.77  FLIGHT CONTROLS _ ____ 11647,  *ATC SPEED LIMIT = ¥Eest’
HMEL MDDF WEYGHT (LB} 22193,  *THICKNESS/CHORD RATIO  0.210 HYDRAULICS 519, .
_ AIRPLANE WEIGHT (LR}  27490. _ *TASER RATID .. 0.70 __FELECTRICAL 4329, oY
*xTIP SPEEN HIVFP 490, SWEEP [DEG) 5.4 INSTR+AVIONICS 949,
* , CRUTSE 400. CRUTSF LIFT COEFF 0.27 __AlR CONDITIONING I L T P
*FUSELAGE CLEARMCE (FT) 2.0 MAX LIET COEFE CONVER 2.16 FURNISHINGS - 4900.
. ®MAX HEL MODF ADV RATIN  0.40  *MAX LIFT COEFF CLEAN  1.40 _ FLUIDS . o _BO3.. e
*¥FLAP AREA/WING AREA 0.25 FLIGHT CREW 400,
% INDTCATES INPUT VARIARLE ______CLIMB_SPN/CCNVER SPD 1,47 CABIN CREW 450,
_DESTIGN MISSION ~ SPEED | BEIGHY __DIST  YIME FUFL L e
MPH FT M1 MIN LB
TAKEOFF & LANDING _ | o . L2000 235 e L
ACCEL. K CONV, 1400, 1.0 0.75 118.
_ AIRPLANE CLIMA 161,198, _ 13600, 13.1 ___ 4.40 _618.
ACCEL. TO CRUISE o 6.9 1.36 204,
o CRUISE L 278, . 438, 69.52 . T96b6e L L
ATRPLANE DESCENT 378.42% . 13600, 39.8 T.22 116,
_ DECEL., K CONV. e e ... 1400, .0 _ 1.25 ___ _  _. 28. _ e _ - e
TJOTAL 5000 _86,.5] 92871,

RESERVE . _ o 20.00____ 235, L




0-80-110
100. ..

STAGE LENGTH (#[.} 25. 50.. 15 . 150. . 200, 300... _ 400
CRUTSF ALTITHUDE {FT.0 2000, 4000. 10001. 12500. 15004. 15000. 15000. 15000
oo GRUISE SPEEN {MPH) . 296. . 305._ . 382. .. 379...__ 3T8. . . 378.. . .378..___ 378
CRUTSE L/D 1%.49 14.48 12.24 12.90 13,69 13,69 13. 69 11,6
- CRUISE NISTANCE (MI,} 17.9 34,9 3l.3 C4Tek __ 8T.4 _ 13744 23T7.4 337,
BLIACK TIME (MIN.) 8.9 14,0 th.2 22.6 31.0 8.9 54.8 TQ.
BLOCK FUFL {LB.) R58. 1251. 1546. 2056, 2946, | 3BH6. 5691. 1495
BLOCK SPEEN (MPH) 169, 215. 248, 266, 290. 308, 329. 340

NIRECT DPERATING €DST - -
AIRFDAME CT5T ($/LR)= BO,O FNGIME COST {$/HPY= 60,0
NNC=1.79¢). 0351 #5L $/SEAT-TRIP (SL= 25.,500.)

INSURANCE RATE=0.04D

HOP LENGTHS 50#150+« 0+« 0+ 0=200 100%200+ 0+ Q¢ 49=300 200#200+ O+ 0O+ D
STAGE LENGTH 25, 50. 75. 100. 150. 200a. 300. . %00. ..
ND, CYCLES/STARTS /1 171 171 171 171 171 171 171
FLEIGHT CREW D.594 D469 {.405 0,378 0.346 0.326 ¢.306 0.296
FYEL £ OTL D.952 0.694 0.609 0,570 0.545 0.536 0.526 0.520
HMULL TMSURANCGE 1.33% 1,054 De913 Q.85L 0.779 0.724 0,688 C.666
TOTAL FL IGHT 1PS§ ?.884 2.216 1.927 1.79% 1.669 1.595 1.520 1.481

_ . LABOR ATRERAMF Da7%1 0514 0.408 0.357  0.304 0.27T4 0,244 0.229
MATERTAL ATRFRAME D642 0.394% d.303 2.259 0.213 G.188 0.163 0.151
LABOR EMGINFS 0.500 0.271 0.192 3,153 0.113 0.093 0.073 0.0632
MATERTAL ENGINES 1.431 0.771 Qs 544 0.432 0.318 d.260 0.202 0.173
MAT, BURDEN 1.6719 1.021 0.780 0.664% D.542 Q.4T7 O.412 0.380 _
TNTAL MAINTENAMCE 5.041% 2.971 2.227 1.865 1.490 l1.292 1.09% 0.996

.. DEPRECTATION 3,917 3.007 . 2.604 2.479 2.221 | 2.093 _ 1.964_  1.900 _

TNTAL  DIRECT OPERATING COST
S/ATRCPAFT MILE 11.743 B.194 . 15T 6.N93 5.381 | 4.981 4,579 4,377
£/FL TGHT HAUR 1985,31 175A,4 16T4.4 1618,.8 1562.9 1535.6 1504.3 1486.6 1

_ ... S/5FEAT MILE 0.1068 ©Q.0T745% 0.0614 0.0554 0.0489 0.0453 0.0416_ _0.0358 0O
$/SEAT-TRIP 2467 C3.72 4a61 5e54 Te 3% 9. 06 12,49 L5.92

15

1

E}

L

9
4
T

9

=400

50Q.
/1

- 0.290

0.515

0.5652 .

1457

0.220 |

B.l44
0.057
0,156

- D.360

0.937

LaB61

. 4254

475.0

«0387,

19.34

500. .
000,
378.

3.69

4374

B6.5

278. .

34T,

e 22000300, _

2/
0.393
0.582
O.84R
1.822

_0.352
D.249
0.137
a.383
0.635
1.757

5.997
1600.5
_0.0545
'10.90

2.418

ANN UTTLIZATINN(HRY=2000. DEPRECIATION PERIOD{YRI=10, LAROR RATE(S$/HRI= T.00
FUEL COST {CENTS/GAL)= 18.0 _

25
0,354
0.547
0,773
L.6T5

. 0.299

0.206
0.103
D.285
0.522
l.4l4

_.5.294
1545.2

0.0481

1444

2.205 .

Ly-T




o . D=80=-110 _ . e e e e
DEPARTURF PATH TO 10,000 FT MSL
MAX FUSE ANGLE=20.

URSTACLE CLEAR ANGLE=63.

212.5 4T176,

TIME  DIST  ALT __ VEL  ACC
SEC 3 FT FPS G
___OBSTACLE CLEARANCE _ i
7% TR 7. 3, 02,050
) 440 Te . 13... 8. D171
4.7 12. 20. 13, 0.227
. 5.4 17. 0. 18, 0.230
6.3 27. 4T. 23, 34176
 T.4_ &4,  Th. _ 28, 0.13D
7.9 54,  130. . 29. 0.0B&
_ ACCELERATION AND CONVERSTOM

9.7 95,  1%4.  38. 0.090
1.0 137. 199.  46. 0.117
12.4 195, 246,  S%. 0.111
13,8 269. __ 29 __ &2, 0.108
15.1  34B.  337. 7. 0.122
16.3 _ 439. 380. 719, D,122
17.7 545, 424, AA. 0.119
_ . 19.0  &T3. . &4Tl. 98, .11l
20,6 907. Sl6. 107, 0.118
21.7_9%%. _SA2, _11T7. 0.114
23,1 1129, 609, 126. 0.111
 74.T 1333,  6&l. 136, 0.100
26.6 1603, 125, l46. 0.082
ze.7 1927, 796. 155. N.074
31.0 2302, AT6. 165. 0.066
33,5 _2727. 959, 115. 0.063
35.9 3165. 1040. 1R5. 0.064
 '3R.4  3837. 1174 195, 7,063
41.2 4704. 1218, 204, D.D55
44,1 4809, 1315, ?14. 0.054
4T.0 5457, 1413, 224, 0.053
53,0 &t44, 15l4. 232. 0.052
ALRPLANE MODE CLIMB TD 10,000 FT

53.0 6144, 1514, 236. 0.0

__YHE TOTAL NDISE TMPACT IS _0,355600+06

10000, 269. 0.0

GAM
DEG

6040
60,0
60.0
6C.0
&0.0
50.0
60.0

55.4
46.R
39.0
33.2
28.7
2%5.2
22.4%
20.2
18. 4
16.8
15.5
14.4
12.4
12.5
11.8

11.U

10.5

_ NMISE AT 500 FT STDELINE= 90.5 EPNDB

 NOISE AT 20,000 FT SIDELINE= 59.4 EPNDR

___._NOISE 25,000 FT_FORWARD CF TAKEQFE POINT= 57.4 EPNDB.__

THRUST
te

170641,
187609,

165£&113.

196191,

188269.

181856. .

175788,

170114,

165469,
166737,
167857,
168353,
169499,
168432,
164364,
1562 %4,
146666,
136071,
1213854,
L100AS.
96114,
81568,
67669,
5644T.
50981.
49404,
46168.
44218,

42689,

47692,

41911,

OBSTACLE HEIGHT=10Q.

CLWGO . LWGT  DWGO
8] LR LB
-2. =2115. 1.
=17. ~25R9. _ B,
=47, =2860. 23,
-92, =297l.. _45.
-152. ~2950. 75.
-227. ~2962. _112._
-316. ~3003. 156.
-537. -3601. 190.
930, -4760. 210,
~1532. —6115. 219.
~1328. ~7534,. _ 205.
241. -9093. 191.
2232.~1081T7. __229.
4669.-12778. 314,
T567.-10361s 457.
10935, -3401. 647,
14779. &4186. H8T.
19102, 12439, 117%.
23905, 21515. 1519,
29185. 31505. 1511,
34932, 42203. 2152,
41146. 53803, ?B4&2,
4TALT. 66281. 3381,
54947, 79623, 3969,
60241, 89181, 4303,
64553, 96105. 4497,
64760, 95897, 4195,
64935, §5T22. 3934.
65059, 95598, 3743,

MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= 5,
DWGI__DFUST ALP  THE AWD ALV LAMDA My T
L8 LB DNEG DEG DEG DEG
2743, 2. 29.% 24.6-3%.4 28.7 0.1014 0.0231 0.0195
2449, 18, 26.5 24.6-35.4 24.3 0.1122 0.0984 0.0215
2790.  5l. 25.% 2%,6=35.4 21.8 0.1202 0.0134 0.0224
2LT1e__ 9%, 25.3 24.6-35.4 20.%4 0.1267 0.01A7 0.0225
1963, 164. 26.4 24.6-35.4 18.8 0.1321 0.0240 0.0216
1898, 245. 2Tu% 24.6=35.4 18,1 0.1367 0.0306 0.0209
1842, 341. 28,5 264.6-35.4 17.3 0.1414 0.0374 0.0202
1421, 394, 31,0 24.6-30.8 1T.4 0.1461 0.04B9 0.0196
1G74. 364. 37.8 24.6-22.2 18.4 0.1500 0.0694 0.0191
8T%. 284« 40624 24.6=14.4 20.2 0.1487 0.0955 0.01492
785, 226. 52.5 24,6 ~8.6 20.1 0.1474 0.1205 0.01%94
761, 189. 56,0 24.6 —4.1 18.B 0,1466 0.1447 0.0195
779. 17%e 59.3 24.6 =046 17.1 D.1460 0.1693 0.0195
810, 180. 61,8 24.6 2.1 15.3 0.1456 0.1940 0.D155
654. 208, 63.2 24.6 4.4 13.1 0.14R6 0,2167 0.0191
443, 256, 62.3 24.6 6.2 10.8 0.1558 0.7375 0.0182
457, 325. 61.5 24.6 _T.8 _B.8 0.1653 0.2573 0.017}
671. 4l6e 63.0 24s6 9.1 7.1 0.1TT5 0.2759 0.0159
1073, 527. SB.3 26.6 1042 5.6 0.1943 0.2921 040145
1659, 659, 56.2 24.6 11.2 4.3 00,2180 0.3037 0,0129
2401. Bll. 52.1 24.6 12.0 3.2 0.2494 0.3091 0.0113
3305, 984, 46,0 24e6 12.B 2.2 0.2946 0.3004 D.009&
4364, LIT76. 36,2 24.6 13.5_ 1.4 0.3582 0.2632 0.0080
5568, 1389, 21.0 24.6 14s1 0.6 0.4366 0.1700 0.0067
6309, 1528. 7.4 24.0 14.0 0.2 0.4882 0.0650 0.0060
6695. 1626+ —3.9 23.2 13.7 0.0 0.5148-0.0441 0.C057
6213, 1582, —-3.8 21.5 12.4 0.0 0.%396-0.0364 0.0055
5799, 1560. —3.6 20.0 1l.4 0.0 0.5639-0.0372 0.0053
5499, 1557. =3.5 18.9 10.6_ 0.0_0.5843-0.0368 0.0051

_POWER

HP

17585,

22983,
23214.
24438,
244368.

254438. . ____

24438,

24438.
24438,
24438,

24438,

244738,
24438,
24438,
26438,
24438,
24638, _
24438,
244384
244389, |
24438, &
24438,
2443B.
24438,
24438,
24438,
24438, _
24438,
24438,

_ NDISE 500 FT FORWARD OF TAKEOFE PDINT= 91,2 EPNOB_ __




TILT RNTOR DES TGN PROGRAM 1974

- S . DESIGH _FTERATIONSZI_ 3

5-80-20 —

OVERALL e . ___POWERPLANT . .___FUSFLAGE . . ____ ___STRUCT TECHNOLOGY_ FACTORS _. _
GRNSS WEIGHT (LA} 26419, INST NORMAL PWR (HP) 41256,  *LENGTH (FT) 55.0  *ROTOR 1.00
FMPTY WEIGHT (LB) 18273, _ ®*NUMAER DF ENGINES  __ = 2. . *DIAMETER (FT}__ __ _BeS5__ *TRANSMISSION . _ _0.83
FUFL WFIGHT {LA} 7146. ®=EXCESS FACTOR HEL MODE 1.65 *DRAG FACTOR 1.00 *ATRFRAME 0.78
PAYLOAD (LR) ) 4000. %% RATED EMRG HVR 140, _ o ___ *ENGINE (HP/LB} ___ B.50
CeUTSE SPEED (MPH) 2%1. * CONV + CLIMB 120. FLAY PLATE AREAS [SF) *ENGINE INSTALLATION 1.70
L/nCRUISE 0 13.09 _ % CRUTISE . .  90e.____ WING PROFILE 3.45 ) -

®RANGE (STAT M[) 500, INST PWR EMRG HVR (HP) 3756, FUSELAGE 1,56 DESIGM MISSION
*PASSENGER SEATS _ 20. CONVER  (HP)_ 3329, _ EMPENNAGE __ . 2.07T._ *FIELD ELEVATION (FTV L
%[ ARGN (LA} 0. CRUTSE {(HP) 4126, TOTAL PROFTLE 10.98 SOUND SPEED HVR {FPSH 1117,
*SFC {(LB/HP HR) ___0.400  _ WING INDUCED. _ __ __ . 3,74  *STD DAY TEMP (DEG F} 59,
ROTORS *EMFRG HOVER ALT (FT) 2000.
__ kDISC LNANING {PSFEY__ . 6,50 _DREVE SYSTEM ... _COMPONENT WEIGHTS [LB} X . #HOT DAY TEMP (DEG F) . 95,

2ANTUS (FT) 2%.5  ®EFFICTIEMCY 0.97 FOTNRS 3274. ®CT/SIG MAX 0.150

SOLIDTTY Ce2b4 HEL MODE WEIGHT {LB) 3689, _ DRIVE SYSTEM 3749,  =MAX ACCELERATION (G) G.25

BLANE CHARD {FT) 2.34% AIRPLANE WEIGHT {LB) 3749, POWERPL ANT ) T28. *DESIGN CRUISE (MPH} 28D.-
“TOTAL AL ADFS 16 ] R __ NACERLLES _ TP *CRUTSE ALTITUDE (FT} . 15000,
*CT/51G HOVER 0.120 WING FUFL SYSTEM 112, SQUND SPEED CRSE [FPS) 105B.
*PROSI|E NRAG CNEFF___ 0.010 __ AREA {SF)} . 488, _ WING ) - 206T. *MAX DECELERATION (G). _ 0.20

% NOWNLOAD 5.3  *LOADTNG (PSF) S0.0 FUSELAGE 2789, *STRUCT LOAD FACTOR 4.5
*EFFICTENCY HOVFR 0.85% ASPECT RATIO T.23 EMPENNAGE L 4T6. _ *FLIGHT CREW 2.
* ' CANVER 0.8% SPAN (FT) 59. 4 LANDING GEAR 733. *CABIN CREW . a.

CRUISE 0.51 MEAN CHORD (FT) B.22 _ FLIGHT CONTROLS B18. _ %ATC SPEED LIMIT YES

HEL MODE WEIGHT (LB) 1292, =THICKNESS/CHORD RATIO  0.210 HYDRAULICS 202.

ATRPLANE WEIGHT {L8)  3224. _ *TAPER RATIN o . 0.TO_ __ ELECTRICAL 391. P
*TIP SPFED HAVER 350. SWEEP [DEG) —5.4 INSTR4AVIONTICS 580. 'T
* CRUISE 350, CRUISE LIFT GOEFF . 0.39 _ AIR CONDITIONING _ __ _ __760e_ _ _ S
*FUSELAGE CLEARMCE (FT) 2.0 Max LIFT CAEFF CONVER 2.24 FURNISHINGS 1300. o
EMAY HEL MODE ADY RATID 0.40 . *MAX LIFT COEFF CLEAN . 1.40 ___FLUIDS 22 e e I

*FLAP AREA/WING AREA 0.25 FLIGHT CREM 400.
*® INDICATES IMPUT VARTIARLE . | CLIMB SPN/CCNVER SPD  _ 1.38_ __ CABIN_ GCREW. 0. e e
DESTIGM MISSTON SPEED _ HEIGHT DISTY TYME _ FURL ___ _ . _ i _ ) R
MPH FT Ml MIN LB

TAKEQFF £ LANDING __ . . o o 240D 35, o D

ACCFL. R CONV, 1500. 0.9 0.82 21.

CAIRPLANE CLTMB __  132,,163. _ 13500. _ 10.1 __ 4.11 91. -
ACCEL. TO CRUISE 2.3 0.59 14,

CRUTSE 281, 450.2 96.20 1609, _ el ) o . _ .

ATRPLANE DESCENT 281.9228. 13500. 35.7 B.48 22.

L DECEL. & CONV, _ _ e 1500. 0.9 _ . l.18 4, o . . e
___TYOTAL _ 500.0 _113.38 1796,
_____RESERVE _ . _ . __ _ . o 20,00

e 349,




$-80-20

. STAGE LENGTH {M].} .
CRUISE ALTITUDE (FT.} 4

CRUTSE L/D
CRUISE DISTANCE (MT,)
BLOCK TIMF (MIN.)
RLOCK FUEL (LB}
RLOCK SPEEN (MPH)

- DIRECT

OPERATING
AYRFRAME CIST (871 Bi1= BD,.0

L CRUISE SPEED (MPH)

254 . 50.___ . TS. ... .100.__ __15Q..

000. 4000, 10001. 12500. 15000, 15000. 15000. 15000. 15
292, ... 29\, . 284.__._ 293. _.  28l. L 200hs . 2Bla_.._ .. 281l. ..
9.T71 10.17 11.62 12.35 13.09 13.0%9 13.09 13,09 1
18.5 . 38.1 44,5 . 60,2 _ 100.2 150.2_. 250.2._.350.2 4
3.3 14,7 21.2 27.1 3R.56 49,3 70.6 92.0 1
177. 270. 310. 385, .. 955, . T3, 1095. 1448, . 1
162. 204, 212. 221. 233. 244%. 255, 261.

CHST. = ANN UTILEZATICNIHRI=?000. DEPRECIATION PERIOD{YR)=10. LABOR RATE($/HR}= 7.00

DAC=2.73+0.067T3%SL $/SEAT-TRIP

HOP L ENGTHS S0+150+

_ . STAGE LENGTH .25,
N, CYCLES/STARTS 1/1
FL IGHT CREW P.554
FHEL £ OIL D.198
HULL TMSHRANCE 0.204
TOTAL FLIGHY 0PS n.956
LAROR ATRFRAME . D.479
MATERIAL AIRFRAME D146
LARDR EMGINFS 0.262
MATERTAL ENGINES 0.730

MAT, BURDNEN 0.911
TATAL MATNTENANCE 1,988
_ DEPRFCIATION 0.593
TOTAL DIRECT DPERATING
SSATRCPAFT MILE 3.527
s /FL TGHT HAOUR 571.7
£ /SEAT MILF D.1763
t/SEAT-TRIP batl

0+ 0O+

S0,
171
Qe 441
0.151
D.162
0.753
0.292
0.080
0. 146
7.12%
0.569
1.221
D.464

cosT
Z2.43R
497.3
0.1219
_6.10

(st= 25

0=200 1

~ 5.
171
0.424
0.116
0.156
0. 655
0.251
qe374
. 0.110
0.751
0.469
0.285
O.44%6

2.136
453,1
0.1068
8. 01

ENGINE COST ($/HPi= 60.0

»+500.)
00200+

100. ..

1/1
0,406
0.108
D.149
0,683
0.228
0.065
0.G@50
0.073
0.413
0.870

1,960
433.6
0.0980
9.80

0,427

150.
1/t
0.385
0.103
0.142
0.630
0,202
0.056
0.071
0,055
0.355 |
0.739
0,405

1.774
413.9

L 200.
171
Ga369
0.103
0.136
0. 5607
0.187
0.050
J. 061
D.046
0.322 _
D.b66

. 0.3288

I S-1-3 S

404.6

300.
1/1
0.353
0.102
0.130
0.584

L 0.171

0.045
0.051
0.037

(.289

0.592
0.371

1.548
394, 4

0.0887  0.0831 0.0774

13.31

16.61

£3.21

INSURANCE RATE=0.040
o+ O+ 0=3D0 _ 200+200+ _O+_ O+

.400. .

171
0.34%%
0.101
0.127
0.572
0.164
0.062
0.045
0.032
0.272
0.556

L0.362

. 1.490
388.8

0.0745

29.81

000,
281..

o 200a_ . 300...__ 400. . . 500._. __ .

3.09
50.2

13.4
796.
265.

FUEL CDST [CENTS/GALY= 18.0

0=400

171

03460

0.100
0.125
0.565

_ 0.159__

0.041
_.0.042
0.030

. D.262

- 0.534

. _0.357 _

_ 1.4546
385.2
D.0728
36,39

. %00. _

271
0.115

0.56T6
. 0.223
0D.062

0,065

0.829

0:14T,

. 1925

43345

.. 0.0963

19.25

Deal% .

0.082
0,397 .

_D.420

271
0.391
0.10%
0.149
0.6236
0,199
0.05%
0.066
0.050
0.345
0,714
0.401

412,5
0.0875
26.26

1.751_

2n
0.376
9.1903
0.138
0.61%

0.186

0.049

3.057 .

0.042
0.316
0.651

_0.388

402,8

1.654

0.0827

33.07

200. . 300..__ . %00. _ . _ .




" DEPARTURE PATH TO 10,000 FT MsL
.. MAX FUSE ANGLE=2D, OASTACLE CLEAR ANGLE=60,

5-89-20

.. TIME _ DIST ALT . VFL ACC
SEC FT FT FPS G
o ___DBSTACLE CLEARANCE _ N
3.1 b Te 3. D.0%0
. 4.0 . Te ... 13 Be OL1TL
4.7 12. 20. 13, 0.227
- 5.3 17a 30. 18. 0.248
5.9 24, 42, 23, 0.250
I 6.7 . ELTY 99. 2R. D210
TeT 50. 87, 33, G.160D
. 7.9 58. 1090. 33. O.110
ACCFLERATINN AND CONVERSICN

B Gl 93, 154. 43, 0,104
10.5 d31. 198, 51. 0.136
_ . 1l.8_ 187, _ 249, 58, 0.119
13.3 267, 337. 66, 0.103
L4.7 355, 3561. The Q112
16,1 459, 416, 83. 0.109
C1T.6 584. 474, 92. 0,104
19.4 TaR, 542, 101. 0.088
.1t P 905. 691,  1i0, 0.102
22.6 1101. 6E6R. 123, 3.090
26.5% 1334, T42. 129, D.282
26.T 1&1s,. A24. 139, ".073
- 29.1 1965, g18. 148. N.06%
2.7 2371l. 1021. 15B. 0.059
o 34,3 2789, 112i.  16R, D.061
6.6 3191. 1211. 178. 0.067
_ 9.4 3699, 1318, 187, 0.0%6
42,2 4230, 1427. 193, 0.055

ATRPLANE MODE CLT%B YO 10,000 FT

42.2

4230,

127.0 36279,

1427.

194.

0.0

10000, .~ 221. 0.0 .

THE TOTAL NOISE [MPACT IS

GAM
DEG

‘60,0

60.0
60.0
60.0
6G.0
60.0
&60.0
60,0

S56.8
49,4
41.9
Ab. 1
31.9%
27.9
2% 0
22.6
20.6
LB.9
17.5
16.2
15.2
14.2

13.4°

12.6
12.0
11.4

17.3

1446 .

0.138330+05

NDTSE AT 500 FT SIDELINE= Bl.1 EGNDA

"~ NDISE AT 20,000 FT SIDELINE= 48.6 EPNDR
T KOISE 25,000 FT FOAWARD OF TAKECFF POINT= 46,8 EPNGB

"NOISE 509 FT FORWARD OF TAKEOFF POTLNT= 81.7 EPNUB

LA

I TTET P
28554,

29776,

30261.
30345,

20486,

28445,
2T4%4,

26540,
25460,
25655,
25990,
26059,
26042,
259480,
25420,
23931,
22116.
20116.
L7508,
15530,
13099.
10834,
9183.
8541,
B302.

2120.

_. BOD4&,.

THRUSY  _LWGD _

Ls

=4,
-10.
-2Q.
-33.

~49,

-68.
=90,

-131.
"22&‘-
-1358,
=532,
—240D.
173.
617,
LZ75.
1971.
2766,
3661,
4655,
5747,
6936.
B222.
9605,
10921.
10947,

o

LWGT _DWGO  DWGE__DFUSY ALP  THE. AWD ALV
LR LB LA L8 DEG OEG DEG DEG
-347. 0. 444, l. 29.%
—%23.. 2. 4020 b 26.5 24.6-35.4 24,3
468 5« 376 16 25.% Z4:.6-3%5.4 21.8
-49%._  _10. 355,__ 32, 25.0 24.6-35.4 20,0
-S17. 16. 341, 53, 25.0 24.6-35.4 18.6
.=523..__ 24._ _319._ 80, 25.8 24,6=-35.4 17.1
=529, 34, 310. 11l. 26.8 24.6-35.4 16,2
—538. 45, 304. 148, 27.9 24.6-35.,4 19.%
=616 | S4. 260, 171. 29,4 24.6-32.2 15.2
~-T95. 6Gs 21l. 167, 34,3 24.6~24.8 15.0
-1026.  6l. _176. 134, 43.1 24.6-17.3 16.8
-1277. 66, 158. 108. 50.2 24.6-11.5 17,3
=1555. | Sh. 152, 89. 54.0 24.6 —-6.9 16,3
= 1864, 57« 154, Té6. 57e3 24.6 =3.3 14,9
-221%. 63. 162. Tl. 600 24.86 —-0.4 13.4"
—-2081. 91. 145. T2e 6Lle9 24.6 2.0 11.6
~B51., 124. 10l. BO. 60,2 24.6_ _ 4.0 __ 9,5
511. 168&. 9T. 95, 59.3 24.6 5.7 T.6
1990« 222, 130. 117, 57.2 24.6 T.1 6.0
3607. 287. 197. 145. 54.2 24.6 8.3 4.6
53T4. 363. 295. 180. 49.7 24.6 9,4_ 3.1
T293.  4%50. 425. 222, 42.5 24.6 10.4 2.2
9370. _S46._ 584, 270, 30,9 24,6 11.2_ 1.3
11597 654, T72. 324, 13.4 . .
13498, 751, _928. _376. =5.

13472. T22. 888.

OASTACLE HEIGHT=100.

MAXY ACCEL ROTATION RATE=20.

37l., ~4.

ACCEL BUILDUP TIME= S,

LAMDA 23]

24.6-35,4 28.5 0.1119 0.0035

0.1240 D.0096
0.1331 0.0153
0.1416 0.0211
0.1491 0.0271
0.1563 0.0332
0.1620 0.0404
0.1679 0.0483%

0.173% 0.0601
0.1807 0.0909
0.1790 Q.1117
0.1763 00,1423
0.1753 0.1702
0.1748 0.1982
0.1746 D.2263
D.ITTT 0.2525
0.1881 0.2747
0.2028 0.2945
0.2222 0.3119
0.2490 0.3241
D.28T70 ©.3267
0.3416 0.3102
0.4176 D.2532

24,6 12.0 0.4 0.5007 0.1224

1 24.4 12,4 0.0_0.5407-0.0461

9 23.3 11.7 0.0 0.5564—0.0487 0.0079

cY PORER

0.0237  2557.
0.0261 3062,

G.0272 3397,

0.0277 3&52.

0.0278 3841,

0.0270 3907,
0.0261 3907.

0.02%2 3907.

0.0243 3907,

D.0234 13907.
0.0236 3907.
0.0239 3907,

0.2240 3907,

0.0261 3907.
0.0241 3907.
0.0236 3907,
0.0222 3907.
0.0206 3907.
0.0188 3907, ;f
o.a1et 3907,
0.0146 1390T. |
0.0123 3907,

0.0102 3997,

Q.0087 3907.
_0.0081_ 3907,




... TILT ROTOR NESIGN PROGRAM 1974

$-80-80 ..

e OVERALL e e e e
GRISS WEIGHT {LB}
EMPTY WEIGHT {LB)
FUEL WEIGHT (LB)
PAYLOAN (LG}
CRUISE SPEED

— .. L/D CRUISE

HQ2ANGE (STAT M]}
*PASSFMGER SEATS
*CARGTD (LR}

IMPHY

RATCRS
*NISC LOANTNG (PSF) .
RADTUS LET)
SOLIDITY
BLADE CHIRMN {FT}
TOTAL ALADES
¥CY/SIG HOVER
*PRAFILF NRAG CIEFF
T NOWNLDAD
=EFFICIENCY HMOVER

* CNNVER
CRUISE
HEL MONE WEIGHT {LR)
A ATCPLANE WEIGHT {L8) __
*TIP SPEED HOVFR
* CRUTSE

*FUSFLAGE CLEARNCE [FT)

_ RMAX HEL MODE ANV RATID . 0,40
. ® INNICATES INPUT VAPIABLE
__DESIGN MISSION . SPEED
MPH
B  TAKEOFF £ LANDING
ACLEL, & CONV,
. AmrPLANE CLIMA 149.4184,
ACCEL,. TO CRUISF :
o CRUISE 297,
ATRPLANE DESCENT

DECEL. £ CONV,

TOTAL

_RESERVE

113921,

8ATEZ2.
ARsSye,
16300.
297.

o 15.3]
5600
a0,

0.

6.50
52. 8
0.245
5.09
16
£.129
0.01%
5.7
0.85
0,83
0.50
17193,
(16833,
350.
350,
2.0

'297.¢24L,‘"'

e .Q,AmWﬂM“,_WA,WWAW_AﬁM;W‘ﬂ'ﬂ___,___DESIGN_ITERATIONS:"13_m“-_,,MVAW"”W,J e

.POWERPLANT .

JENUMAER OF ENGINES

*EXCESS FACTOR HEL MODE

*F RATED EMRG HVR

* CONY ¢ CLIMR
I CRUTISE R
INST PWR FMRG HVR (HP)
CONVER {HP)
CRUTSE (HP)

*SFC (LR/HP HR]

DRIVE SYSTEM

*FFFICIENCY
HEL MODE WEIGHT (LB}
ATRPLANF WEIGHT (LB)

WING
AREA (5F)
“LAADIMG {PSF)
ASPECT RATIO
SPAN (FT)
MEAN CHNRD (FT)
*THICKNESS/CHORD RATID
__®TAPER RATIN
SWFEP (DEG)
CRULISF LIFT CNEFF
MAX LIFT CNEFF CONVER
*MAYX LIFY CIEFF CLEAN
*FLAP ARFA/WING ARFA
CLIMB SPD/CCNVER SPD

HEIGHT

DIST TIME
FT M1 MI N
) 2.00
1570. 0.9 0.72
13570, 12.9 4,65
2.8 0.68
. 440,5 89,09
13500. 42.1 F.45
_ 1500. 0.9

20,00

ST

__500.,0 _107.66

INST NORMAL PWR {HP) 17559,

FUSELAGE_

e . STRULT,_TECHNOLOGY. FACTORS

- ®LENGTH (FT) 95.0  *ROTOR
2« _DIAMEYER (FY}__ ____ _  1l.5___ *TRANSMISSION __
1.65 *DRAG FACTOR 1.00 *AYRERAME
140. _ e *ENGINE {HP/LA)
120. FLAT PLATE AREAS [S$F) NENGTNE INSTALLATION
we S0 WING PROFILE = l&.26__ . e
17559, FUSELAGE ‘ T+41 DESIGN MISSIDN
15561, EMPENNAGE e .B.55__ ®FIELD ELEVAYIOM (FT)}
15990, TOTAL PROFILE 36.56 _ SOUND SPEED HVR [FPS}H
0.400 _ WING INDUCED _  __ _ 16.56__ *ST0D DAY TEMP (DEG F)
AEMFRG MOVFR ALT (FT)
... COMPONENT WEIGHTS . (LB).__ __. . .___*HOT DAY TEMP (DNEG F)
0.97 AOTORS 21123, *CT/SIG MAX
23458,  DRIVE SYSTEM ... _.7345B._  *MAX ACCELERATION {61
22301. POWERPLANT 3099. *DESIGN CPUISE {MPH)
NACELLES IR 1113 I *CRUTSE ALTIYUDE (FF)
FUEL SYSTEM 1277, SOUND SPEED CRSE (FPS)
2278, - WING e _.T7TO,._ . *MAX DECFLERATION (G)
50.0 FUSELAGE 8401, «STRUCT LNAD FACTOR
6.23 EMPENNAGE . . 2221, *FLIGHT CREW
119,11 LAMDING GEAR . 3417, *CABIN CREW
19.12 FLIGHT CONTROLS . - T173, _ *ATC SPEED LTMIT
0.210 HYDRAR ICS 437,
_0.TO__ _ELECTRICAL _ ____  2660.__ ~ . —
-5.6 INSTR+AVIONTICS 826,
- 0.36 . AIR CONDITIDONING 1540, . . .
2.24 FURNISHINGS * 3700, .
1.40 __ FLUHIDS e .. STO. - ) e
0.25 FLIGHT CREW 400.
_ les6_____ CABIN CREW - _300.
FUFL e e e
LB
160, e e
B4.
440, -
68.
-1 & P )
106.
16. _
....T258,
1600, _

0.
1117.
. 59,
2000.

95,
0.150
¢.25
289,
15000.
1058,
.. 0.20

4.5

2,

2.

_ YES

251



5-80-80

STAGE LENGTH {(MI,} . 2%. . 50. T5.
CRUISE ALTITUNDE (FT.) 2000 . 4000. 10001. 12
CRITSE SPEED (MPHY 296, . __ 305, . 305,
CRUISE L/D 12.27 12.27 13.79 1
CRUTSE DISTANCE (ME.] . 18,2 _ 36.0 38,1
RLOCK TIME (MIN.} B.9 14.1 20.1
BLOCK FUEL (LR.} Ti2e _ 138B&.. 1237. .1
BLACK SPEEN {MEH) 168, 213. 223.

"DIRECT OPFRATING CDST -
AIRFRAME C3IST {$/LB)=.80,0 ENGINE COST 18/HP

DOC=1.69+0D. D%4B*SL $/SEAT-TRIP (S5L= 25.,503.)

HAP L ENGTHS S0+#150+ QO+ QO+ 0=220 100C+200+
STAGE LENGTH . 2% . 50. . 15. ... 100. _
N0, CYCLES/STARTS 1/1 1/1 1/1 1/1
FL IGHT CREW 0.567 0.447 0.426 0.41l
FUFL & OIL 0.792. 0,602 0,458  0.427
HULL TNSURANCE 0.943  0.T43  0.708 0.682
TOTAL FL IGHT 90§ 2,300 1,792 1,561 1.520
LARGE ATRFRAME _ 0.699 0.456  0.387 _ 0.350
MATERTAL AIRFRAME  0.470 0.289 0.235 0.206
LASOR ENGINES 0.409 0.223 0.163 0,133
MATER AL ENGINES 0.975 0.525 0.380 D.306
MAT. AURRPEN 1.441 0.883 0.7l 0.627
TOTAL MAINTENANCE 3,994 2,376  1.BA1 1.623
NEPRECTATEON _ . 2.687 2,117 _ 2,017  1.945
TOTAL DIRECT OPERATING COST

S$/ATRERAFT MILE 3,981 6.784 5.489 5,087
$/FL IGHT MNUR 1505.4 1328,1 1226.5 1178.7
$/SEAT MILF _ __ 0.1123 D.0786 0.05686 0.0636
$/SEAY=TR[P 2.81 3.93 5.1% 6.36

100.
500.
300,
4.51 1
52.3
25.9
$36.
232.

15

2

= 60.0 .

0+ O+
_ . 150.
i/1
0.390
0,410

0.648°

1.448
0.3C9
0.178
0.1382
0.231
0.93%4
1.351

_1.B46

_4.645
1133.9
0.0581

8.71

159, _

000. 15
9T, .
5.71 i
90.5% 1
36,9
217..
244,

s

0=300

.. 200,
171

0.372

G.41GC
0,419
1.401
C.284
0.158
0.085
D.192
Q.480
1.199

4,365

1114.9
0. 0546
10.91

1.Té64

200, . 300, . . 400._ __ 500..
000. 1500C. 15000. 15000,
29T, __29Te_____ 297, 29T,
5. 31 15.31 15.31 15.31
40.5 | _240.5 | _340.5 __ 440.5
47.0 &67.2 87.4 197.7
952, 4406, __ 5842, __T259, ... __.
255, 268, 274, 219.

ANN UTIL TZATIONIHR)=2000. DEPRECIATION PERTOD{YR)=
_ INSIIRANCE RATE=0,040

2004200+

. 300.
i/1
0.355
0.4G8
¢.590
1.353
0.259
Oalél
0.069
G.153
0.426
1.048
1.683

4,084
1093.7
0.0510
15.31

.0+ 0+ 0=400
_ 400, _____500,.____ 200.___
1/1 171 271

0.347. 0.341 __ 0.%420
0.405  0.433 0.458
0.5T6 _ 0.56T _ 0.672
1.328  1.312  1.550
De246 0.239__ D.342___
0.132  0.127 0.198
0.061 0.056 _ D.119
0.133  0.122 0.271
0.399 . 0.383__ 0.600
0.972 0,926 1.531

C1.662 1,617 1.914 __
1.942  3.RS5__ 4,994
1062.0 1074.3 1176.0 1

19.71 24. 10 12.49

300, ___

2/1
9.396
0.415
D.8640
L.451

0.304

0.170
0.093
0.208

. 0,315

1.289
1.B82%

4.565 _

127.6

17.12

LAROR RATE(S/HPI= 7.00
_FUEL COSYT_(CENTS/GALI: 18.0

. laThs |

..0.0493 __0.0482 0.0624 _0.0571

__D.282 _

400..
271
D.380 .
0.610
0.619

1.409

0.155
0.079
0.175
0.4T0
1.161

4.335

1107.1

0.05642
21.67




“HEPARTURE PATH T0O 10,000 FT MSL
MAX FUSE ANGLE=20. DRSTACLE CLEAR ANGLE= 60. OBSTACLE. HEIGHT=100.

S=-A9-80 .

MAX ACCEL ROTATION RATE=220. ACCEL BUILDUP TIME=.

0.0238

0.02562
0.0273
0.0277
0.0278
0.0270
0.0261
0.0252

D.024%
0.0234%
2.023%6
0.0239
00,0240
0.0241
0.0242
0.0237
0.0224
0.0208
0.0190
0.0169
0.0148
0.0126
0.010%
0.0088
0.0081
0.0077
3.00T4
6.0071

S5¢ _.
€T

‘POWER ___
HP

11958,
1430%. .
158569.
17052,
17925,
18266, .
18266,
18266. .

18266,
18266.
18266, .
18266,
10266,
18266,
18266,
18266,
18266.
18266,
18266,
18266,
18266
18266,
1825656, .
18266,
1ARZ66.
LB266a
1B24 b,
19265,

TIYE  DIST ALT VEL . ACC GAM THRUST LWGH _ LHGI . DWGD DHGI_ DFUST ALP. THE AWO ALV LAMDA .. MU
~ SFC - FT ET FPS ¢ DEG LB LB . LB LE. LB LB DEG DEG DEG ' DEG
ORSTACLF CLEAPANCE L . o i e e it = s =

3.t 4, T. 3, 0.050 60.0 121182, —2. =1759. 1. 2258, 2. 29.4 24.6-35.4 28.5 0.1119 0.0035

4.0 Ta 13, . 8, 0,171 60.0 133357, —15, —2142. . Ba 20484 _ lée 2606 24.5-35.4 24.4 0.1240 0.0096

4,7 12. 20. 13. 0.227 60.0 139027, -2, —2371. 21. 1910. 39, 25.5 24.6-35.4 21.9 D.1332 0.0154

5.3 17. 30. 1B, 0.24% 6M0,.0 141244, . —-83. —250%5, 41. 180te  76. 25.1 24,6-35.%4 20.1 0.1417 00,0212

5,9 24, 42. 23. 0,250 6C.0 141578. -—136. =2620. 68. 1732, 126, 25.1 24.6-3%5.4 18.6 0.1491 0.0272

N 6.7, 34, . 59. 58, 0.212 60.0 12779%, —-204. ~2652+. 10l. 1622, 188, 25.8 24,6-353.4 17.2 0.1563 0,0333

Tt 59, 86. 33, 0.163 60,0 132926, . =294, —2685. 141. 1569. 263, 26.9 24.6-35.4 16,2 0.1620 0.040%

7.9 58, 190, 33, 0.115 60.0 128189, . ~3T8. -2728. 188. 1539, 350, 29.0 24.6-35.4 15.4 0.1480 0.,04B4

ACCFLERATINN AND CONVERSICN :

9.3 82, 153. 43, £.107 56,9 1230093, -—%549. =3113. 227, 1322. 409, 29.% 24.6-32.3 15.2 0.,1737 0.0603
1.4 128, 195, 61. D.144 49.6 118578, -948. —4012. 255. 1080. 405. 33.8 24.6-25.0 14.8 0.1814 0,0A03
11.6 181, 243, 53, 5,126 42,1 119503, —-1499, -5198, 2&l.. 906. 330, 42.8 24.6-17.5 16.6 0.1796 0.1108
13.0 256, 208, b, D.111 36,3 1211%2, =2228. —b6452. .283, 27l. 49.9 24.6=11.7 17.1 0.1769 0.1420
14.4 3119, 349, T 3,113 31,7 1721512. -962, -TAb6l. 234. 795, 229. 53.8 24,6 =T.1 16,2 0.1757 0,1701
15.7 438. 402, R3. 0.115 2RA.1 121713, 718, -9428, 235. B12. 204. 5T.4 24.6 —-3.5 14,9 0.1748 0.19B4
17.1 556, 457, 92, 0,110 25,1 21773, 2766.-11205. 285. 3861, 195. 60.2 2446 —0.5 13,5 0.1741 0.2269
18.8 711, 523, 1nl. D.0S3 22,7 119236, %5199.-10317. 1385, 1532, 204, £2.2 24,6 1.9 11.7 0.1771 0.253%0
23.2 - AS5, 576, 110. 0,111 20.7 1i2436. 3027, Z4311. 533, 504. 228, 60.4 24.56. 3.9 9.6 0.1RT0 0.2755
21.6 1913, 631. 123. D.111 19.0 104461, 11260, 2267, 7131, 474, 270. 5B.9 24e6 5.6 TuT 0.2006 0,2961
23,1 1206, 551. 129. 0.100 17.6 95237. 14%90. 9506, 97T. 643, 327, 57,2 24.6 7.0 6.1 0.2192 0.2140
25.1 1ase, 766. 139. 0.081 16,3 B4713, 1894T. 17500. 1272. 1003, 4&0l. 55.1 2446 B.3 4.6 0.2458 0,31766
27.1 1757, 847. 143. 0,075 15,2 73939, 23394, 26099, 1615, 1532, 491, 50.7 24.6 9,3 3.4 0.2814 00,3316
29.5 2113, 538, 15B. N.067 l4.3 €265%. 28241, 35464. 2006. 2230. 597, 44.1 24.6 10.3 2.3 0.3331 0.3194
1.9 2506. 1037, 168, 0.064 13.4  51957. 33482, 45600. 2444, 3090, TIB8. 33.6 24.5 111 1.4 0.4055 0.2720
4.7 2913, 1123. 178, D.066 12.7 43637. 39118, 56479, 2930, 4102, 856, 1T.4 24.6 11.9 0.6 0,4908 0.1572
31.0 3414, 1730. 187, C.OS7 12,0 239A6B. 45153, 67894, 3463, 6§2%4, 1008, —4.0 24,6 12.6 ~0.1 0.5415-0,0349
36.9 3978. 1344, 197, D.053 11.4 3T6T4. 45892. £8029. 3290. 4878, 1014. 4.9 22.9 11,5 0.0 0,5685-0.0391
47.8 4581, 1460, 207. D.0S52 10.9 36269, 46059, 67R62, 3078, 4535, 1019. —4.5 21.3 10.4 0.0 0.5952-0.0501
45.9 5226, 1579. 215. 0.051 10.4 34882, 46180. 67741, 2920, 4284, 1034, —4.4 20,1 9.6 0.0 0.6191-0.0488

C AIRPLANE “NOE CLTIMR TD 10,070 FT : ‘
45,9 52246, 1579. 219. 0.0 13.6 34ch4,
217.6 45364, 10020. 249, 0.0 Ll.% . 30482, . _ .
THE TOTAL NDISE JMPACT IS 0129670436
NOTSE AT 500 FT SINELINE= 86.3 EFNER
NOQISE AT 20,000 FY SIDELINE= 55,5 EPNDA ’
NDISE 25,000 FT FORWARD OF TAKEQFF POINT= 53.5 EFNDB
NOTSE 500 ET FORWARD OF TAKEQOFF POTRT= '86.9 EPNCB
TTIMN9D0T EXECUTTON TERMINATING ‘DUETO ERROR COUNT FOR ERROR ‘NUMBER 217
THNZ2171 FIDCS - END DF DATA SET ON UNIT 5
“TRACEBACK ROUTINE CALLEN FROM ISN  REG. 14  REG. 15 REG. 0  REG. 1
1ACOM 00107050 o0LLT564  ODOOOOOO  DODODROOO
MATN 01106218 0012T7F8

opcl13538

FDOO00O8

Fs-1



TILT ROTOR DESIGN PROGRAM 1574

C—75-50
OVERALL -
GROSS WETGHT (LB) 46326.
EMPTY WEIGHT {LBJ 31288.
FUEL WEIGHT {LB) 4838.
PAYLOAC (LB} 10150,
CRUTSE SPEED (MPH} 440.
L/D CRUISE —. 10.05 .
*RANGE (STAT ML) 500.
*PASSENGER SEATS 50.
*CARGD {LB) a.
ROTORS
*CISC LCADING (PSF} . 12.00
RADIUS (FT) 24,8
SOLIDITY . 0.C81
BLADE CHORD (FT) z.10
TOTAL BLADES &
*CT/51GC HOVER 0.120
.. .*PROFILE DRAG COEFF C.010
% DOWNLOAD 5.C
*EFFICIENCY HOVER 0.83
* CONVER 0.81
CRUISE 0.78
HEL MODE WEIGHT {LB) 3799,
- ATRPLANE WEIGHT [LB) 2923,
=T1P SPEED HOVER 825.
* CRUISE 560 ..
#FUSELAGE CLEARNCE [FT) 2.0
*MAX HEL MODE ADY RATIO  C.40 .
* [NDICATES INPUT VARIAELE
DESIGN MISSION SPEED
HPH
TAKEOFF £ LANDING
ACCEL. & CONV,
_ AIRPLANE CLIMB 171422124
ACCEL. TO CRUISE
CRUISE 44G.
AIRPLANE DESCENT 44044292,

DECEL. & CONV,
J— TOTAL ... . .
_. RESERVE

POCWERPLANT
INST ACRPAL FWR (HP)
*hUMBER CF ENGINES

*EXCESS FACFOR tEL MODE
4T RATED EMRG kVWR
* CONV + CLIMB
# CRULISE . .
INST PWR EMRG HVYR (HP)
CCMYER (HP)
CRLUISE {HP)

¥5FC {LB/HP KR}

DRIVE SYSTEM
¥EFFICIENCY

HEL MGDE WEIGHT (L8)
y BIRPLANE WELGHT (LB}

WING

AREA [SF)
*LCACING {PSF)

ASFECTY RATIO

SPAN (FT)

FEAN CHORD (FT1}
*TEICKANESS/CFCRD RATIO
#TAPER RATIO

SWEEP (LEG)

CRUISE LIFT COEFF

¥AX LIFT COEFF CONVER
*MAX LIFT COEFF CLEAN
*FLAF AREA/WING AREA

..—. .CLIME SPC/CCNVER 5P0

HEIGHT CIsT TimE

FT MI MEN

2.00

SCC. C.9 U.63

—.. 14a10G. . 12,3 L 416
-13.8 2.30

4356.8 59.60

1416C. 314.2 6.040
sQcC. ¢.9 _ 1.09

e—. 265,

120.00 _.

24
1.30
14Ga. .
120.

.. ._._.CCMPCNENT WEIGHTS (LB). _ _

0.97

3641 .

L4934 .

488,
95.U
S 1.1
6l.6
7.92
g.210

N P £

—5.3
0.31 _
G5

B Y1)

G.25

Q.76 .

FUEL
La

S 101. .

39.

FUSELAGE

SLENGTH (FT)
#DIAMETER (FT}_ .
*DRAG FACTOR

FLAT PLATE AREAS (SF}
_ WING PROFILE.

FUSELAGE

EMPENNAGE

T0TalL PRIFILE
WING INDUCED

ROTURS

DRIVE SYSTEM .. _ ____

POWERPLANT

NACELLES

FUFL SYSTEM

WING
FUSELAGE

EMPENNAGE

LANDING GEAR
FLIGHT CONTROLS _
HYDRAULICS
ELECTRICAL .
INSTR+AVIONICS
AIR CONDITIONING_
FURNISHINGS

FLUIDS

FLIGHT CREW
CABIN. CREW ...

CESIGN. ITERATIONS: 5

- STRUCT TECHNOLGGY EACTCRS. _

£0.0  *#ROTOR 1.55
o 10.0_ *TRANSMISSION e .. G.B5
1.00  *AIRFRAME 0.80
. *ENGINE (FP/LB) 7.0G0 .
*ENGINE INSTALLATION 1.50
B3 29 : e e e e
5.31 DESIGN MISSION
. 1.97  *F1ELD ELEVATICN {FT)} G
12.79 SOUMD SPEED HYR (FPS} 1117.
2.09 _ %STQ LAY TEMP (CEG F) .. 59. . .
*EMERG HOVER ALT (FTI) 200C.
- _..®HIT DAY TEMP (CEG _F}_. _. . S5. _._
3799, ®CT/SIG MAX G.150
4934,  *MAX ACCELERATIGN (G} __ (.25
2246.  *DESIGN CRUISE (MPH) 400.
. 50T7. *CRUISE ALTITUDE (FT} . L5400,
461, S50UND SPEED CRSE (FPS) 1058.
o 3479.___ *MAX DECELERATICN.$G) _._ . 0,20 .
5752, =STRUCT LOAD FACTOR 4.5
o 927. . *FLIGHT CREW e Rw.
1390.  *CABIN CREK t.
_2C17.  #ATGC SPEED LI™IT YES .
278.
e, T4, O 'y
703, ¢1
.. 1150. .
’ 2500. i
L 232e o —
400,

150.

153.
.3257,
52.

L1011,

50040 . 75.80 . 38TTe . ...



L=75-50

STAGE LENGTH (MI.)

CRUISE ALTITUDE (FT.)}

.CRUISE SPEED
LRUISE L/D

[MPH)

CRUISE DISTANCE {M1.)

BLOCK TEME (MING)
BLOCK FUEL (LB.)
BLOCK SPEED (MPH)

DIRECT

DPERAT ING  COSY
AIRFRAME COST {$/LBi1= 8Q.0

25, 50.
“2000. 40€C, IC
256. I05.
12.66 12.¢€5
17.0 34.9
T B.T 13.7
.337. 492,
173. 219,

ANN UTILIZATICNUHR}=20C0. DEPRECIATION PERIOD(YRI=10.
EAGINE GCST {$/FPI= 6040

DOC=1.81+0.0260*5L $/SEAT-TRIP

HOP LENGTHS 50+¢15C+
. STAGE LENGTH 25.
MNO. CYCLES/STARTS 171
FLIGHT CREW 0D.563
FUEL & DIL Q.375
HULL INSURANCE U341
TOTAL FLIGHT OPS 1.278
LABOR AIRFRAME 0.48E
MATERI AL AIRFRAME 0.1%96
LABGR ENGINES 0.329
MATERTAL ENGINES 0.57%
MAT. BURDEN 1.059
TOTAL MAINTENANCE 2465
_ DEPRECIATICN 0.992
TOTAL OIRECT OPERATING
$/AIRCRAFY MILE 4.920
$/FLIGHT HQUR 85242
$/SEAT MILE 0.0984
$/SEAT-TRIP 2e4b

a+

o+

50.
171
D.t4b
G.274
Q276
0.591
0.219
0.121
0.180
D.2142
0.5649
1.SE1L
0,786
casT
3,357
733,9
0.0671
3.36

15,
171
. 368
Q.27C
€.223
0.8¢&1
0.245
C.GSC
G.127
C.218
C.484
1. €4
£.649

2.673
T08.1
G.C52:
4.C1

45].

15.
GCr. L2
E.55
10.4
17.0
128.
265.

[SL= 25.,5CC.)
C=200 1

CCe2CCH

1G0.
Ll
¢.335
0.258
€.203
0,756
0.z11
G.Q76
C.1G1
C.171
0.4C6
D.564
. C.550

. 24350
£84.3
£.C470
4.7C

c+ 0+ 0=300
15C. 200.

1 171
0.256 0.274
0.254 04249
0.179  0.166
0.729  0.690
D.174  C.155
0.06C  C.052
0.075  C.061
U.lz4  ©-1GU
0.323  €.280
‘0.756  (.649
0.522  C.484-
z.008  1.822
660.8 64743
G.04L2  C.0364
6.C2 7.29

160. 15C.
5C0. 15C3C. 15
. 458. . 46T. .
E.Th 9.02
27.1 .. 79.0 . 1
20.6 27.3
$2%. . 137C. ...1
Z51. 325.

2G0. 300. .
gcc. 1%000. L5
46T, .. ._467..
9.02 F.02
2%.0. . 229.G ... 3
332.8 46.6
T95. 2632... 3
355, 386,

INSURANCE RATE=0.4L40

2CC+200+

. 300.
1/1
04253
0.244%
0.153
D.649
U.135
0.044%
Je048
0.C76
0.237
D.541L
0.445

1.6135
631.0

0.0327

9.81

[ 2 O+

400+ .

171

Ue242 ..

0.240
Uelab
G628
G.125
C.040
0.041
(a4
C.216
O.4817
Cua2b

1.540
62Ll.4
0.u308

12.32

400. - -
Q0. 15
467. .
9.02
29.0 4
59.5
453. 4
403.

Lu=400

L/t
Je 235
0.236

0.142

0.614
0.120
c.C38
0.037
U.ubT?
0.203
0.454

Q.414

. la483
614.8
. G.u237
14. 82

500,

500e. — . . ..

000.
46Ta. .
9.02

29.0 .

12.4
259, .
415,

200. ..
/1
G.350
04259
0.202
U.811
0.208
0.073
0.091
0.151
0.38%
D913
0.588

2.312
67544
0.0ab2
9.25

LABOR RATE{S$/HR)= T.00
FUEL COST [CENTS/GALY= 18.0._

L3040,
271
0.305
0. 252
U.178
e T36
C.172
Ueu58
0.068
Gg.111
0.312
u.721

0,519

1.276
£&53.9
0.9395
11.85

.. 4C0.

2/t
0.283 .
Ua249
D166
0.658
0.154.
D.J51

0.02%¢ -

0.0%0
3.273
U.624
Q.484

1805,
64143

0.C261 _
14,44

88T




C-75-50
DEPARTURE PATH TO 13,000 FT MSL
HMAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. GESTACLE HEIGHT=10¢. MAX ACCEL ROTATION RATE=20, ACCEL BUILDUP TIME= 5.

TIME DISY ALY VEL ACC  GAN  THRUST LwGO . LWGI DWGO CWGI DFUST ALP THE AWO ALV  LAMDA = MU CcT PONER —
SEC FT FT FPS G CEG Lo LR Le LB La LB DEG ©DEG DEG DEG HP
OBSTACLE CLEARANCE . — R . . . T S [
3.1 T4, 7. 3. D.G50 60.0 45165, =0+« =616 de  BUT. 1. 29.3 24.6-353.4 28.8 0.0641 0.0015 0.L079 7216,
4.0 7a 13. 8e Da171 6C.C 54134, =4. —T753. ... 2. 738.. 10, 26.5 24.6-35.4 24.8 0.0698 L.GD4L 0.0087 8420,
5.0 13, 23, 13. C.1£3 ¢C.C 537&2, -10. -763. 5. 688. 28, 20.7 24.6-35.4 23,6 G.072B 0.0068 Q0.CC8& E6T6.
ba2 24, 4l 18. 0.128 6C.C 52344, —20. =766. _10. 643, . 54. 2Tu% 24.6-35.% 22.5 0.0748 0.0095 0.0CB4 866, .
7.8 42 . 3. 23. 0.09% 6C.C 5(C692. —33, =T6%. 17T. 617 96 28.2 24.6-35.4 21.9 0.0767 6.C126 U.LCE2 B6T6.
8,5 58.. 100. 264, D.CE9 £C.0 45¢C1. =50, —T64e . _25,..590. 134, 2G.1 24.6-35.4 21.2 0.0789 0.L158 U.CCEC . 86T6.. .~
AECELERATION AND CCNVERSICN -
2.5 78. 126, 33. Ua1%5 52.3 48545, =50. =1035. 28+ . 358, 136, 30.2 24.6=2T7.8 21.5 C.0G306 0,0202 0.CCI8  €&£76, I

10.4 105. 150. 40. 0-171 41.6 47830, ~179. -13913, 30. 232, 104. 40,2 24.6-1T741 25.4 0.0818 u.03u9 0.CGU7T  date.
I1.13 141. 1174, 48s 06174 33.7 4ECTT7. -213. -1730..  30. 185. 73. 48.2 24,6 —9.1 268.2 0.0813 0.0431 0.CCT77. B676.
12.1 185, 158, S57. U176 2B.l 48145, 67. =2321. 2T. 163. 544 5346 246 —3.5 28.3 0.0812 v.054%9 0.CUTB 8al6,
13.0 237. 221. . €6. 0,179 24.0 48180, 442, —2301. 36. 156, 4, ST.4 24,6 Uub 27,1 0.081C Cai666 G.0078 BET6. ... .
13.8 294. . 243, 15. 0,191 20.9 48226, 520, —-2598. S6e L57. 4%e. 59,7 24.6 3.7 25.2 0.0UBU9 L.0783 C.CCT6  Eé&To.
L4. 86 359. 265. 85. 0.191 8.5 48130, 1504, -2923. B6. 165, 63, 61.8 2446 6.l 23.0 0.0609 0.0900 Q.0UT8 38676, .
15.5 434, 2E1. S4e ColBY 16.6 47654, 21%6. -32838. 128. 17a. 89, 63.4 24.6 8.0 2C,7 0.GB11 L .ICLR QuCUTT  E&T6.
16.3 520G, 310. 104. 04181 1540 4€B13, 2%$57. -2559. 180+ 12B. 125. 64.1 24,6 9.6 L7.9 0.,082% 0.1125 0.0076 E6T6.
17.2 613, 333+ 113. U184 13.7 44657, 39)8. -991, 241, T8a 173, 0341 26,6 1C.9 15.2 G.0B62 0.1227 0.C073  E6TH.
.. 18.0 Tl4, 355, 123. G.184 12.6 42E8B. 4930. 659. 317 75. 232. 61.9 24.6 12.0 12,8 0.0902 0,13225 0.C069 | E&Th.
18.9 835, 380. 133, 0.167 1ll.6 40277. &GE3. 2467, 402. 115, 3024 613 24.6 12.9 LO.0 0.0555 0.14l7 0.0U65 Bb676.
19.9 966, 4C5. 143+ U165 LCe8 3T719. T7306. 4338. 498. 192, 363, 5544 24.56 13.8 8.8 Q.1022 C.15C% uU.00&1 8676,

20.9 1122, 433, 153. 0.150 1C.1l 34683, E€59. E£4CL. &6C5. 307. 475. 57.8 24.6 14.5 7.1 0,1110 D.1578 0.CD56 E676. =

22.1 1313, 465. 1624 0.130 S.5 31347, 1C123. €629, 7T23, 458, G5T8. 55.7 24.6 15,1 5.6 C.122& 0.1632 0.0C51 B&T&d. g _

23.4 1534, 500, 172. U.119 S.0 28017. 11655« 14575, 851, 63T7. 692. 52.2 24.6 15.6 4.3 0.1372 C.lo6l UllG45 B6The wn

24.8 1794, 538. 182. D.I0B 8.5 '24540. 13276. 13485. 951. 849, Bl7. 47.5 24.6 16.1 3.2 Gal567 0.1640 03.004U B86T6. . 3

2645 2109. 583. 152. u.0%4 B.0 21737. 14663, 15385, 1372, 997. 6892, 43,7 24,0 16.0 2.4 0.17T1 G.1594 J.CC35 H676.

28.3 24b4. 630, 2L2. 0.088 7.6 1%58{6. 15¢37, LETLI5. L1C9. 1077, ,927. 40.3 23.1 15.4 1.9 0.1946 0.1567 0.G022  86Té. __ _

3041 2857. 68l.  212. 0.0G83 7.2 176512, 16639. 18116, 1147, Ll6)l. 965. 35.8 22,2 15.0 1.4 0.2156 Q.1478 J.{029 Bo&76.

2.1 32717, 122, 222. 0,CEBl 6.9 16148. 17€74. 19589. L187. 1250. LlOuw6. 2.8 21.5 1445 1.0 0.2401 0,130 0.{626 86&76. _

33.9 3705. 782, 232. 0.084 6.6 14703, 1ETE2. 21131. 1234. 1342, 1054« 207 20.8 1442 ©Cub6 0.2645 0.1045 60024 B6ETH.

35.8 4149, €3l. 242. 0.C84 6.4 135C8. 1591l. 22742. 1281l. 1439, 11062, 12.0 20.3.13.9_ 0,3 0.2895 0.0623.0.0022 _ 86T6e._____ _

37.6 4615, 882, 248. 0.082 ¢€.2 12537. 20694, 2286l. 1314. 1506 L136e 46 19.9 13.7 0.1 0.3035 U.0256 0.0GG2L 8&T6.
AIRPLANE MODE CLINB TC 10.000 FT —_ —— = . -

37.6 4615, E€2. 250C. 0.0 14.0 14875,

L97.5 47564, 10000. 287. Qa0 11.5 12%5C. - Ce e e

THE TOTAL NOISE IFFACT IS 0.12453C4(7

NOISE AT 500 FT SIDELINE=103.2 EPNLCR

NOISE AT 20,000 FT SIDELINE= 65.9 EFM(B

NOISE 25,000 FT FCRWARD OF TAKEQFF FCINTs €3.7 EFNCE

NOISE SO0 FT FORWARD OF TAKEQFF PCINTS104.5 EFADB




TILT ROTOR CESIGN PROGRAM 1974 .. o . . RS

C-85-50 . Ce e : B SR .....CESIGN. ITERATIONS: .5 -

.- OVERALL e - .. POMERPLANT .. e e e — FUSELAGE. .. .. e STRUCT TECHNOLOGY.FACTORS. _.. -
GROSS WELIGHT {LB} 39765, IMNST NCORNMAL FwR {HP) £579. #LENGTH {FT) 20.0 *ROTLR Q.95
EMPTY WEIGHT (LB) . 25857. *NUMAER CF ENGINES - Ze. *DIAMETER (FT)_ . . .. .. 10.0 #TRANSMISSION . R < Y -} A
FUEL WEIGHT (LB} 3758. +EXCESS FACTOR REL MDDE 1.3C *DRAG FACTOR 1.00 #AIRFRAME 0.76
PAYLOAD {LBI) . 1015C. .. *% RATEC EMRG RWR . = = . 140... e ... *ENGINE tHP/LB} . 10.C0 . _
CRUISE SPEED (MPH) 419. * CONY + CLIMB 120. FLAT PLATE AREAS {5F) *ENGINE INSTALLATION 1.5

... LfD CRUISE e e 9L ® CRUISE o 90.__ . WING PROFILE . . 2.86.. . VR P
*RANGE (5TAT MI1) . 500. INST PWR EMRG HVR (HP) 8579, FUSELAGE 5.31 DESEGN MISSION
*PASSENGER SEATS . . 50.. CONVER  {HP} .599T7.... EMPENNAGE . ... ... . 1.72.  =FLELD ELEVATICN (FT) . 0. __
*CARGO (LB} 0. CRUILSE (HP) 1572. TOTAL PROFILE 11.96 SOUND SPEED HVR (FPS} 1Hl17.
L #5FC (LB/HP FR) o _0.38C._ . WING INDUCED. .. .. .. 2.04. «§TD OAY TEMP (CEC F) 55.

RQTORS ' *EMERG HOVER ALT (FT) 2000.

. *0ISC LOACING IPSF} . 12.00 ORIVE SYSTEM s . .. .. COMPONENT WEIGHTS_.(LB) _ .. __ . ®HOT CAY TEMP LLCEG F1 . ._ S5. ..
RADIUS (FT} 23.0 *EFFICIENCY Ce97T ROTORS 2863, | «(T/51G MAX G.159
SOLIDITY o . 0eCBL . HEL MCCE WEIGHT. {LB) 2T8l. DRIVE SYSTEM _ . ... 3758..  *MAX ACCELERATICN (Gl Ce25 _.
BLADE CHORD (FT1} 1.94% ., AIRPLANE WEIGHT {LB) . 3158. POWERPLANT 1287. *GESTGN CRUISE (MPH) 40C.
TOTAL BLADES - 5. S . .- NACELLES e o 129, *CRUISE ALTITUDE (FT) . 15000. ...
*CT/SIG HOVER 0.120 WING . FUEL SYSTEM 294. SOUNG SPEED CRSE {FPS) 1G58.

#PROFILE CRAG COEFF 0.010 ARES (5§} P 419.. . . WING e . _3000. . FRAX DECELERATICN_(GY .. Qa20
g DOWNLDAD 4.9 *LCADING (PSF) 55.0 FUSELAGE S34 1. *STRLLT LCAD FACTCR 4.5
#EFFICIENCY HOVER Q.87 ASPECT RATIO .. 8.02 EMPENNAGE 156. #FELIGHT CREW . ... e 2a
* CCNVER .85 SPAN (FT} £7.9 LANDING GEAR 1193, *CABIN CREW 1.
CRUISE 0.79 MEAN CHORD (FT) T.23 FLIGHT CGNTROLS .. ..._..... 1627. _»ATC SPEELD LIMIT . ... YES (51*
HEL MDDE WEIGHT {LB) 2863, #THICKNESS/CRORD RATIOQ C-21C HYDRAULICS 25 8. @
. AIRPLANE WEIGHT ILB) 22L0. . *TAFER RATID w70 ELECTRICAL [ A I —
#T1P SPEED HOVER 825. SWEEP (LEG) -5.3 INSTR+AVIONICS T03.
* CRUTSE 560. CRUISE LIFT CLEFF .33 AIR CONDITIONING . _....-1150._ . R J— ———m
=FSELAGE CLEARNCE (FT) 2.0 ¥AX LIFT COEFF CENVER 0.75 FURNISHINGS : 2500 .
*MAX HEL MODE ADY RATIO 0.40 *MAX LIFY COEFF CLEAN 1.4C . FLUIDS T L.~ 1 PO RSP ENREE EE
*FLAP AREA/WING AREA 0.25 FLIGHT CREW 400.
. % INDICAYES INPUT VARTABLE ... CLIMB SPD/CCNVER S5PB ._ Q.74 . CABTN.CREW oo 1504 . —
DESIGN MISSION R SPEED . HEIGHT DIST TIME .. FUEL. o it i oo o w i s e e e e e e+ -
MPH FT M1 MIN . LB -
TAKEOFF & LAANDING . .o 2.00 B 27U IR RS S £ S
ACCEL. & CONV. GCC. C.9 0.65 29

___ AIRPLANE CLIMB . 166ey206.. .. 141C0. 13.¢ _ 4.2C o1
ACCEL. TO CRUISE i1.0 1.94 95, :

CRUISE .. 41%. . 441.5 P U S - 1-1- - P PP SRS JS U
ATRPLANE DESCENT 41l8.+292. 14100. 2.7 5.8C 37. .
DECEL. & CONV. .. - e - S 80C. . .Ce9 . 1e13 B e - .- e

CTQTAL. - e e .. .50040 . 79.C2.....3010 BRI ' 7 | -

RESERVE e e e 20400 o T4Ba — —_ ‘ . _— e,




C-85~50

STAGE'LENGTH ([M].) 25. SCa 154 Lao. 15C. 200. 300. - 4Q0. . 5Q0. - _ —
CRUISE ALTITUDE (FT.) 2000, 40C0G. 100Q01. 125C0. 1500C. 150{CG. 15000. 15000. 15000,
CRUISE SPEED (MPH) 296. . 30%. . 430. . 429, .. 44B. __ G448, . _ 448. 448, 44B8s ... e
CRUISE L/D 11.96 liaté E.40 B.69 8.94 B8.94 -B.94 B8.9% 8.94
CRUISE DISTANCE (Mi.) 17.1 35.3 24.1 41,5 B3.4 132.4 . . 233.4 333, 4 4334 _ B _ e e —
BLOCK TIME (MIN.) 8.7 13.8 17.2 20.9 27.9 3445 48.0 6let 14.8
BLOLX FUEL {(LB.) 259, EX: 55¢%, 1004 . 1C4%. ...1377. 2023....2659. . 3284, _ . - R —
BLOCK SPEED {(MPH) 172. 2l7. 262. ZET. 12z, 347. 315. 351. 401,
DIRECT OPERATING COST - ANN UTILIZATICN({HRY=2CC0. DEPRECIATION PERIUD{YR)=1Q. LABOR RATE($/HR}= T.00
AIRFRAME COST (&/08)= BO.Q ENGINE CGOSY ($/FP)= 60.C INSURANCE RATE=(0,D40 FUEL COST {CENTS/GAL)= 18.0. ..
BOC=1.6140.023E4SL $/SEAT-TRIP {SL=s 25,,5((.)
HOP LENGTHS 50+15C+ QO+ 0=200 10C+2CC+ C+ O+ Q=300 . 2CC+200+ U+ 0+ 0=4Q0 _

- STAGE LENGTH 25. 50. 15a 1CGC. 15C. 20C. . 300. 400 -0 500. . 200. ... 300.. . __4C0. _
NO. CYCLES/STARTS 171 171 171 171 171 L/71 1/1 1/1 171 271 2r/1 271
FLIGHT CREW 0.562 O.444% 0. 365 0.327 U.299 C.278 0.257 CaZ41 g.241 0.352 0.30% D287
FUEL & OIL 0.288 0.213 G.2C8 C.157 U.194 g.191 0.187 0.185 d.183 Q.199 V.193 G.191
HULL INSURANCE 0.289 G.228 GelcC UGal73 0.154 O.143 0,132 U.127 del24 V.172 d.153 Ual&3 _
TOTAL FLIGHT OPS 1.135 C.8E5 Q.7¢64 C.7l7 Q648 C.613 0.577 G559 0.547 0.723 0,655 D.621
LA3OR AIRFRAME D266 Q. 305 Ca238 0.2C4 V. 169 P.151 0.133 Ga123 uslli 0.221 O.161 CelSC
MATERI AL AIRFHRAME Q.17¢ QO.1(8 0.Cc81 0.C6E 0055 CaunB D.0%1 Leul? 0.G35 0.065 0,053 0.048
LABOR ENGINES 0.3C8 C.179 C.l12Q LoCSH  ~Ja0T1 0.058 C.046 0.339 J. U386 0.uRa7 [F1 -3 Ca054
MATERIAL ENGINES 0.415 Q.250 D.179 U.l4al g.1(2 L.GB3 0,063 0.053 C.U48 0.124 0.091 0.075
MAT. BURDEWN 1.006 Qa.6L7 0,462 0.389 0.312 D272 G232 U212 _ 0.20C . 0.374 0.302 0.265
TOTAL MAEINTENANCE 24430 1.4%506 1.CTE C.2¢8 L.T7C9 Cuab11 0.514 O.4565 O.430 0.852 D.678 C.590
CEPRECIATION 2.539 Oe6E3 0.551 De503 Coht?7 Gedle |, 0D.385 0.369 | 0.35%5 (.501 Us 4SS _ Caile _
TOTAL DIRECY OQOPERATING CDST
$/AIRCRAFY MILE 4.407 3.004 24354 2.1C8 L.8C4 1+ 640 Le4 76 1.392 _ 1.342 24077 L. 778 L.626
$/FLIGHT HOUR 757.3 ES3.0 t26.73 604.1 581.5 €68.5 553.1 Bag.l 538.1 59T.¢ 575.9 563.7
$/S5EAT MILE 2.0881 0.06Q1 Cl.C41% ©€.0422 0.0361 £.0328 G.0295  0.0278  Ce026B8 . D.0415 0.0356 00,0325
$/SEAT-TRIP 2.2C 31.00 3.5% 4.22 Se4) G586 8.85 l1l. 14 13.42 8,31 1C.67 13.21




C—85-50
DEPARTURE PATH TO 10,000 FT MSL
MAX FUSE ANGLE=2d.

OBSTACLE CLEAR ANCLE=60.

_TIME = DIST ALT VEL  ACC
SEC ‘FT FT FPS G
_OBSTACLE CLEARANCE
3.1 4. 1. 3. 0.050
440 Ts 13. 8. 0.171
5.0 12, 23, 13, Q.1£4
bal 24, 41, 18. D.129
7.8 42. 73, 23, 0.C%5
. Bed 58, 100 24, Q.C60
ACCELERATION AND CCNVERSION
9.5 719. 127. 23, 0.15¢C
10.4 106. 152, 40. 0.17U
11.3 142, 176, 48. 04172
12.2 136. 220, 57. 0.175
13.0 .. 238, 223. 6. 0.181
13.9  295. 245, 5. 0.191
14.7 361. 267, 85, 0.191
15.5 435, 243, G4, G.1448
16.% 521, 312, 1U%. 0.180
17.2 615. 335. 113. 0.1E3
.. 18,0 17, 358, 123. 0.183
19.0 838. 383, 133, 0.l60
19.9 ., 97L. 4GA., 143, D.154
21.0 1li128. 437, 153, Q.l48
22.2 132i. 469, 162, D.129
23.5 1546, 505, 172. 0.117
__ 25,0 18l1. S44, 182. 0.1C6
26,7 2134, 560, 192. 3.052
28.5 2498, 639, 2C2. 0.CES
30.4 2902, 691, 212+ 0.081
32.4 3334, T43. 222. G.079
34.3  3IT3. 765, 232. 0.081
. A6.2  4225. E46. 240. 0.C82
AIRPLANE MODE CLIMB TO 10,000 FT
36.2 4225 E46. 243, U.0
196.9 46160, 1COCO. 279. .0
THE TOTAL NOISE IMPACT 15

‘GAM

CEG

8L.0
6C.0
£C.C
€C.0
6C.0C
6C.0

£é.4
41.8
13,8
28.2
24.1
21.C
18.6
la.6
15.0
3.7
12.6
11.7
10.9

—
[« N RN N I Y I I )
« a4 8 ¥ & 2 8 & u

W SN WO

—
e

C.10867D+07

NOISE AT 500 FT SIODELINE=103.1 EFNLE

-NOISE AT 20,000 T SIDELINE= &5.2 EFNCB

NOISE 25,000 FT FCRWARD CF TAKECFF FCINT= 62,0 EFANDB .. ___

THRLST
LE

42154,
46458,
46158,
44962,
43799.
42604,

41€e7la
410355,
41268,
41219,
41350,
41368,
41272.
41105.
40133,
38541,
36745.
24£20.
32218,
2571C.
26841,
23678,
209%4.
18672,
L7317,
153565,
L3EE4.
12646,
11779,

13116,
114112,

CRSTACLE
LwG0 . LWGI
LB LB
“0. =52G.
-3. «&35,
~Ge —845.
-18, —641.
~2%. —0646.

~44, =646
"'730 ‘B?lu .
-156. —-1173,
=164. ~1457.,
5l. —1703.
38l. ~1939,
£CJ. -2191.
13124 —2484.
1525, =2772.
2623. -2176,.
3423, —849.
4321 551.
g316. 2085.
&408. 36174,
15G7. 5424,
9883, 7T3l6.
16264. 53C1.
11741, L1442,
12823, 12573,
13€72. 14053,
14545. 15273,
15447. 16513,
16415, 17812,
17é11. 18912,

NOISE 500 FT FORWARD OF TAKECFF. PCINT=104.5 EFNLE

HE[GHT=10J. MAX ACCEL ROTATION RATE=Z20. ACCEL BUILDUP TIME= 5.

DWGO
LB

2.
4.
9
14.
22

.25«
26,
26
2%«
3z.
48
T4.
110.
154.
2C8.
272«
344,
427,
518
619,
729,
849,
9i3.
943,
76,
1010.
1050.
1082,

ol

DWGI _DFUST
LB LB
680. 1.
622, 10,
582. 28,
542. . 54,
521. 33,
498.... 134,
303. 137,
196, 105.
156,  Ta.
137.  S54.
131, 45.
13L.  47.
137. &1,
147. B6.
108. 121.

66. LbE.
64 226,
97. 295,
leG. 375.
256. 466
380. 568,
529. 6B0.
704, BU4.
818. BT1.
884. . U5,
953, 94l.

1025« 980.
1101. 1026.
1166. 1063,

ALP
GEG

29.3
26,5
256.6
274
28.2
2%.0

0.4
40.1
4841
53,5
57.2
55.5
61,6
63.3
64.C
6340
61.8
€l.2
55.2
57.6
55.6
52,0
47.2
43,7
40.3
35.8
29.9
21.8

14.2 _20.3_13.8

THE
DEG

24.6
24406
24.6
2446
24.6
24.6

AW O
DEG

—35.4
-35.4
-35.4
-35.4
-35.4
-35.4

24 ,6-2T.8

2446
2446
246
24,6
24,6
24+ 6
24.6
2446
4. &
2446
24486
2446
24.6
24. 6
24.6
24.6
23.9
23.0¢
22.°2
214
2U.8

—17.2
-9.3
e Y]

G.5

3.6

-]

9.0

9.5
1.9
12.0
12.9
13.7
Léat
15.0
L5.6
16.1
15.9
15.3
14.9
14.5
la.1

ALY
DEG

28.8
24.8
23.5
22.5
21.9
21.2

213
25.3
28.2
28.3
2T7.1
25.1
22.9
20.5
17.9
15.2
12.8
10.6

e — o= By W o
0O DD Ty

B % 3 A B ® % & "o

LAMDA

0.0641
0.U6%d
G.0728
0.0748
d.0768
0.078%

Q.CBLT
0.3819
C.CBl4
0.0813
0.C811
C.G8LE
UeGdll
C,n813
0.0831
C. 0864
C.29C5
0.925e6l
C.1025%
O.1113
c.1231
g.13717
GalBT4
0.1772
0.1%46
Cs2156
C.2400
0.2647

Ga.2854.

My

'0.0015

0.0041
0.CL68
C.CCO5
G.C126
Ga2157

C.C203
v.0309
UaCa3l
0.0348
0.0866
G.C783
C.LE9S
C.1C17
O.112%
D.12206
0.1324
D.14l15
Q.15C3
0.1570
J.1629
U.l650
041633
0.15%3
0.1566
J3.1479
C.1304
0.1052
g.u722

cT

0.C079

u.0087
[UPEAVE: 1]
G.CO84
0.6082

0.C0&0.

Q. CC18
00077
C.CLTT
V.Cu78
0-0318
C.CCvs
J.CaTa
Galury
0.0076
0.0073
J.0TE9
0.L065
vatlel
VL0656
Ja00Sl
0.0L04Y
0.024¢
0.0G35

DeLudz .

0.Gu29

0.0C26 .

O.GL2%

LDeCl22..

. PCWER . .
HP

5602,
£895.
Ticz.
7t82,
7102,
2. L

11C2.
1192,
1102.
T1C2.
iz
T1cz.
7102,
7102,
7102,
7102,
Flcz..
7102,
71C2.
7162,
7102,
1ic2.
1102, . ..
7lu2.

TN02e .
T1c2.

7182.
7102.
71020

09-T




. TILT RCTICR CESIGM FRCGRAM 1674

M=-35-EC
. TVERALL . [P
GRISS WEIGHT (LRI} 49372,
EMPTY WEIGHT (L&} _ 33456, ___
FUEL WEIGHT (LA} 4766,
FAYLCAD {1.8) _1015C.
CRUISE SPEED (¥PH) 442 .
L/0 CRULISE 10.19
¥RANGE (STAT MI) S5Cle
®FASSENGER SEATS _ 50,
SCARGL (LB) G
RCTCRS
*¥CISC LLOACING (PSF)} . _  12.C0
RAGILS (FT) 2543
SOLICITY 0.143
ELACE CRIORD (FT} 285
TOTAL BLADES L _ 8
*CT/S5IG HOVER 0. 120
*PROFILE CRAG COEFF —_ Jedle
2 DOWNLTAD 5.C
*EFFICIENCY HOVER LaB2
1 CONVER JaBl
. CRUISE C. 10
FEL MCGE WEIGHT (LB} 4761,
AIRPLANE WEICGHT (L2} 4561
*T1P SPEED ROVER 62Ca
* ' CRUISE 55)
#FUSELAGE CLEARACE (FT)
*MAX MEI. MODE ACV RATIO. 1Y

® INDICATES INPLT VARIABLE

CESTGMN . MISSICN SPEEC
MFH
TAKECFF & LANDING |
ACCEL. E COCNv,
ATRPLANE CLIMB . 17244213
ACCELs TO CRWLIESE
CRUISE . L 44z,
AIRPLANE DESCENT 44201252,
CECEL. & CCAV, -
Co LTOTAL L

. RESERYVE. . _. . ...

2.0

_.POWERPLANT
INST NCRFMEL PWR (HP)
*NUMBER OF ENGINES

*EXCESS FALTOR WEL MODE

¥ RATEL EMRG HVR
*® CONV + CLIMD
L CRUISE
INST PR EMRG hVR
CONVER
CRYISE
[LESHP HR}

*SFL

_DRIVE SYSTEN
*EFFICIENCY
HEL MOLCE wEIGHT
AIRPLANE WEIGHT

(LBI
L8

WING

ARTA {SF)
®*LGADING {FS5F)

ASPFCT PALIC

3PAN IFT)

MEAN CHORL (FT)
#THTICKNESS ZCHORD
"=TAPFR RATIO

SWEE® [DELC)

CRUISE LIFT CJEFF

MAX LIFT CUEFF CONVER
#MAX LIFT COEFF CLEAN
®FLAP ARES/WING AREA
_ CLIMB SPL/CCNVER $POD

RATIO

HEIGHT CIST TIME
ET M1 MIN
2000
G4, 0.9 .63
l41a0. 1L.7 3.66
1G. 8 Ls B2
. 440.8 59,89
14100. 24.9 6o l0
. SU0. Qa9 1.08
e . *CQWd . 75.18
_ 2000

(HP)
(HP)
{HP]

10590,

u
1.30
l4le
120,

Q0.

1uSS5u.

T361le.
B82Bls

Qs 42

... CCMPCNENT WEIGHTS_ (LB8)

V.97
4674 .
5711, "

5L 5.
G45.0
TaTl
62.7
R.13
Ga2lu
0.73
-5.13
Je 30
1.34

~FUSELAGE

L.40

0.25
1.02

FUEL
LR

10Za .

38.
_226.
119,

3208,

7.

14,

_L 3150,
. l017.

DESIGN ITERATIONS: .

*_ENGTH {FT)
“DIAMETER {FT)
*DEAG FACTOR

" FLAT PLATE ARFAS (SF)

WING PROFILE
FUSEL AGE
FMPEMNAGE =
TCTAL PROFILE
WING INCUCER

ROGTORS

DRIVE SYSTEM

oUW TR ANT
CNACELLES .

FUEIL. SYSTEM

W MG

FUSELAGE

EMPENNAGE
LANDING GEAR

FILIGHT CONTRNOLS
HYDRAULICS

ELECTRICAL

INSTH+AVIUNICS

AIR CONDITIONING

FURNTISHINGS

FLUIDS

FLIGHT CREW
_CASIN CREW

8Ca0
160
1.06

2.42
5.31
2aub
13404
2.17

w61,

Eflic
2269,
52G.

44 lo

.. 3571,

579C,.
568,
1451,
2144,
285.
791.
¢
1150,
25GC.
L 242.
40U

. 15C,e

| ®EMIRG
RHOT DAY TEMP {DEG F)

5

_5TRUCT TECKNDLCCY FACTCRS

*RMATAR

*TRANSMISSIOM
=AIRFRAME

*ERGIME [HP/LB)
*ENGINE INSTALLATEON

NESIGN MISSI2N
*FIFL4 ELEVATION (ET)
SGUND SPEED hHv? (FPS)
*5TN DAY TEMP {NEG F}
HOVER A1 T (€T)

#CT/S51G MAX

®*MAX ACCRLFRATIIN (G)
*CESIGN CRUTSE (MPH)
#CRUISE ALTITULCE (FT}
SIUMD SPEED CRPSE {FPS)
WAX DECRLEFATICN {G)
=#STRYCT LOAD FACTOR
HFLIGHT €KW

»[AB[N CREW

=ATC SPEED LL1MIT

1,05
L.85
N.80
700
1.50

Je
1117
5%.a
2000,
G5.
Cal50
ve25
477
15000,
1{58.
L.2¢
409

2e T
i.

[=3]

YEs 5



¥-15-50

DJC=1+8340.C2TC*SL $/SEAT-TRIP (SL= 2%.450C. 1

HLF LEKGTHS S0+15C+  u+  C+

. STAGE LEMGTH 25%a 5}a
NCe CYCLES/STERTS 171 141
FLIGHT CREW 2.957 wahal
FUclL & GIL La36T J.261
RULL INSURSNECE G2t Caczis
TCTaL FLEGHT GPS 1.217 vaSa7
LABROR AIRFRAME [T Ca224
MATERI AL AJRFULAME Ua.2ué g.l2¢
LABJR ENGINES Ce330 Caldl
MATERIEL ENGINES CobB5 Ca2l5
MAaT, BUACEN l.uT2 D.65%6
TOTAL MAINTENANCE Z.0E87 1.603
DEPRECIATYTICN leu43 [
TCTAL  CIRECT  CPERATIMNG  CCST
$/pIRCHAFT . MILE £,007 3,416
$/FLIGFT HOUR 872.0 751.1
$/5SAT MILE L1001 L.C0683
$/5E

AT-TRIP Za 50

Zat2

cr2uy 1

5.
171
Sa300
0.253
Co 232
J.845
Os247
I E]

J.127

Ce 219
Y488
1.1173
BebTH

L2631
126.0

D.C528
4o UG

Cee20C

120,
171
Ce330
Ca240
Co2l3
C.78%3
(21

£.015

Caldl
Cal72
[V
L.57%
.18

io 376
658.7
C.0475
4075

STAGE LENGTH (M, .. 25e . 50a . . T5e.  loue .
CRUISE ALTITUCE {FT.} 210 4030.  EW0Ole o 12530
CRLISE SPEED §WMPHY . .. 2S%0e... 3235a... . %45.. 44T
CRUISE L/C 12485 124 85 Ee 7€ 9. 24
CPLISE CISTANCE {¥Ia) . 1744 35.4 Z2T.5 . 460
BLOCK TIME IMINL) 346 12.4 16a1 2004

. BLCCK FUEL ILEL} L 324, 465 €E2,. . Bas.
BLCCK SPEED (MEM) 174, £22J0a 274, 294,
CIRECLT GPERATING CCST - ANN UTILIZATICN(FR)=2((0.
AIRFRAME CCST [$/LE)}= Bu.) EAGINE COST [$/HP)= &

15093,

o aaGa

5. 79
89,5
2704

1248,

328,

DEPRECIATION PERIOGIYRI=14.

R A 7' P

208,
isdch. 15
Lh49,
9,79
13%.5 . 2
346l
1633, 2
352,

—. ADie .

03, 15
ahGa_ .
9.79
15,5 3
47405
394, 3
AT,

D83 INSUFANCE RATE=({.(C4C

O+ 3+ =3
150.
1/1
Je 266 i
0.231 Q
Ja191 J
va7l8 4
01738 o}
Lalib4h vl
GidT5 d
dal2B U
ved29 n
Q.771 0
L5324 d
2042 1
610, 1 ]
0.0408
6s 13

vl 20L#20 0+
2ul. 2345,
171 1/1

276 0.256
227 0.222
173 T GL165
JEHL e 8413
159 ColaD
055 Oadat
JOh2 GoCuR
o lul Uali7H
L.287 Ga 2454
voh4 0.557
517 a4 T9

2861 1679

5447 636l T

0.0372 0.0338
Te45 lo.ufy

u+" (PR 3

400,

1/1
U246
0.218
0.159
0,623
0,130
Jaiiad
{aiAl
UuUbﬁ
0223
G.504
Jadbl

1,588
h2b6.2
0.0318
12.74

4001
10. 15
44F e ...
9.79
36.% . 4
6Ue 8
143, 3
394,

500 ..
L0 .

G4,

Q.79
39,5
T4, 2
879. .
404

LABCR RATE[$/HR)}= T7.C0

FUEL CUST (CENTS/GALY=

Gzadl

830
/1
V.24
0.215
0.155
Gatld
D125
Vaedil
0.037
0.058
Ja?211
Cadal2
a3

3]

1632

619.2

0.0306

15.32

C200._
271
Ca.348
C.235
-2 T
C.821
0a213
DLt
C.092
0.153
L.295
CaG28
Uen22

687 .0
0.0470.
a4l

29352

8]

30d.

2r1

Uaduh
Do 231
Hal9
Jat25
Joll6
venthl
J.0&3
Ul.l112
JW.31T
Qs T34
U550

2:010
663.7
. 0402
12.26

19.0

400-
271
0.284
0o 227
LelTR
Ca.bHG
Ca 158
GVatihg
0.057
f.LS1
V278
Ce 635
D517,

CbeB44
48T
0.0%6%
F4.75

€3-1T



DEFARTLRE

M=-75-5{
FATH TC 10, duG FT MSL

MAX FLSE ANGLE=Z2C.

UBSTACLE CLEAR ANGLE=6C.

TIME DIST ALT VEL ACC
SEC FT FT FPS G
CBSTACLE CLEARANCE . .
S 3.l by 7. 3. Jad50
4.0 7. 13. B, C.171
Seu 13 22 13 Gele2
6.2 2. 42, 18, v.l122
7.5 G5, T5. 23. C.C61
8.5 58, 169 . 244 CL057

ACCELERATICA AMC CCNVWERSION

Ga 5 16 L4, 33c Co l6S
1Jed 133, L47T. 40e UalT4
1l.2 139, i7l. 4he CWlT6
1261 163, 154, 57 €a 177
13.3 235%. . 2lt. 6be O.141
13.6 252. 23E. 15, L. 190
l4.6 357 25%. B4s J419)
15.4 4313, ZE). G4, Culdasd
16.4 E24. 305, lube Ua171
11a2 &1l8s A2k 113s o ld2
1.1 T24. . 351, 123, wal75
19.¢ 843, 375, 133. C.17C
2ueu G62. . 4ula 143 G.157
Z1l.1 1l4l. 4729, 152. Cal4T
£243 1339. 42 162 0s 125
23.£ 157d. 457 . 1724 Jaell%
25.1 LB4J. 537, 1a2. ¢.lu3d
2beS 216Be 58z, 192, Cat S0
28.7 23537, H3le 2024 JalB4
0.7 2%%4%. 68zZ. 212+ LC.CRC
3246 3374, 732. 22Z. J.38C
34,5 38Co6,. 783, 232+ Cavf3
Ibed 4248, 831ls 2426 LolB4
3g.2 alla. BHQ . 249. 0.083
AIRPLANE MODRE CLIMBE TC 13,L0C FT

3Be2 447l4e E8Ge 2520 Cofl

17841 4260d. LlCSUC. 290. uell

THE TCTAL NOISE IMPACT 1S 0.54242

GAM
CEG

6').-)
62.0
£V G
6w
60.0
60.0

520y
4lel
33.2
2T.7
2.0
29s 6
13.2
1643

1.7

1304
12.4
114
1.6

ST O e B DO

a ¢ = = & @

LU O e B BN I TUY R VRN o

1549
13,2

THRUST
LE

51345,
5¢526.,
5€C51e
54395,
52102,
91650,

BUSEC.
4549556,
5C15¢E.
S5L2¢60.
53312,
50346,
9024,
BT USE,.
5H6GE .
G4y
44%2z2,
42GL7Z.
36117,
360%€.
32453,
26000,
25352,
22¢el 1.
2I5¢EE,
185F6.
1675z,
19254,

14027,

1237¢,.

176z z.

CBSTACLE HEIGHT=100. MAX ACCEL POTATION RATF=2J, ACCEL PUILDUP TIME= 5,

- LkGUD
Le

iy
-ll.
-21.
=35.
-52.

=330
-136.
=194,
5%.
492,
9972,
1643,
232¢.
al1s62,
4113,
E17¢.
5358,
7653,
S(H3,
10536,
12223,
13972,
1521%
lez27.
17266,
13236,
15448,
2L664,
21€lC.

14828, |

D+0e

NOISE BT £CC F1 SIDELINE= 95,2 EPAEB

NOISE AT 20,C0C FY SICELINE= &l.1 EFACR

"NCISE 25,000 FT FCRwARC OF TAKEOFF PCINT= Z€.6 EPNDB

NGISE SCC F7 FLCRWARLC CF TAKECFF PCINT= 96.4 EENDE

LWGI
LR

~647.
-739.
-8¢3.

=T55. .

=799,
—Bul.

-105Ta
-1448J.
-1832.
-2135,
-2425.
=273264q
-3J75.
=3457.
-2571.
—351{)s

H{S.
2eF2.
4671,
68UT,
9léle
1le?s,
142A3.
teluls
17457,
185¢c &,
2514,
22133,
23826,
25183,

DWGO DHKGI

LR LB
D, 846,
2. Tt4.
5. 125.
10. AAKBG,
1T7. 649G,
26. 621,
2%s  3bua
3. 236,
28. 191.
28, 1&65.
IR, lb2,.
60a 164,
Gi. 172,
137. 1485.
192. 128,
259,  TYe
337, 78.
427. 122,
528, 2.8.
e4l. 333G,
7656 4926
L. 6R4,
1047, 910.
[12u. li4S.
1157, 1133.
1167. 1222,
1235. 1316,
1288, 1414.
1337 1517,
1378, 15G%5.

OFUST
LB
l.
10.
28,
5%
50e
134,

132
55,
65,
51,
45,
4%
65,
92,

130.

179,

239,

311,

356,

“ET.

5824

TiT.

834,

809,

915,

‘;?Eo

1ula.
1662,
1111,
1152,

29.3
26.5
24,7
2T. 6
28,3
29,1

29s 7.
40,6
48,6
54 oud
57.7
Gt
LG7al
63.7
£ 7
63,2
62a %
1,1
56,8
57.8
3559
52,3
4T 4
LLN]
4,6
36,0
3500
2l.P
1241
3.5

THE  AW3 ALV
GEG  BEG

P4.6-35,4
24+45-35%. 4
?4.,6-35,4

2heb6-3

5.4

2h4ab=35:4
24.0-35.0

2hoth—2T. 4
24086-1645
24 6 —Az ¢
Z24.6 —3.1

24.6
2406
24,8
24 ula
2haet:
chetd i
2h.6 1
FEPY I
24,6 1

Zheb liub
24eb 1552
24.6 15.8
2.6 1643
23.% 16,0
23.0 15.5
22sl 15.C
2Lhe4 lé.b
Z5.8 l4.2

Z2de? 139

1.8 13.7

DEG

2349
24. 8
23.6
22.5
2200
2143

21.3
259.8
2806
?R.6
274
2504
723.1
2iab
17.%
1542
12.2
10at
B.T
Tul
So &
442
3.2
2.4
_laG
la &
1.0
.6
u.3
Dal

LAMDA

{.0653
0,L929
et 96h
{1a(,996
Ge 15320
wel 48

Ltelatl
Jeliuda
Ca1C78
Geld?5
CsI0TD
Ja (T4
GelaTs
Nakn72
C.1100
(ell4)
GellG7
Ja 1265
0.1256
Oe 1468
e 1626
velBze
e20%4
Le2341
C.2575
Le 2857
53187
Ca3522
L.385%6
Ue4i359

.MUy

Gau2)
0a0054
Gelru9o
3.0127
Je D188
a2l

s 2tE
Dalall
0 G515
Jati¥?31L
JeBRR
Jo 1044
2al?LT
wel3be
Dulae5?
DeléE35
U lTeH
0. 1856
Pl
G.2105
Lo 2174
Qa2212
0.2181
Da2137
0.2121
Co 1582
Ja174%
0.1398
G839
Q0274

cT

G139
0sJ115%
NL11%2
vedlad
Nadlas
ve3ldl

CeJl 3
JeJt135
0.GC137
[P o)

0.2137

da 138
T L0137
Teal2T
Q0.0133
CeclZ®
Teldl22
Gatil15
e il
0.CO99
ﬁoSCE?
CaotbBl
000790
TeGLEZ
(a2087
Je 2L51
Laliikb
O.0Ca2
G.C539
DaJa3d?

POWER

Ho

7227
E480a
R117.
ETLT.
9717
R717,

8717
B717.
ET1Ts
BT17.
R717.
ET17.
2717,
3717,
eT17.
BT17.
AT17,
B717e
B717.
BT1l7.
eT17.
83717,
ATi7,
ET17.
8717,
BT17.
8717,
BT17.
&Tt7,
B717.

£9-T



TILYT RCTCR CESIGN FRLGFRAM 1¢74

oo wo.._ .. DESIGN ITERATIONS:. 5 .

M-85-20
CVERALL . POWERPLANT . : . .__FUSELAGE . . _. — — _STPUCT TECHNOLOGY. EACTCORS
GROSS WEIGHT (LA} 41220. INST NCANMAL PWR (HP) 8602, *LENGTH (FT) AC.0  %ROTMOR 095
EMPTY WEIGHT (LB} 2741Ce *NUMBER OF ENGINES 2. =DEAMETER (FT} . I0.0D . =THANSMISSION .8
FUEL WEIGHT (LB} 364G, #FXCESS FACTOR EEL MODE 1.70  *DRAG FACTOR 1.00  ®AIRFRAME .16
PAYLCAD (LB} 1015C. ¥y QATED EMKG HVR 1404 N . . ®ENGINE (HP/LS) . 1Ce O
CRUISE SPEEC (MPH) 4206, * CONY + CLIMR 120, FLAT DLATE AREAS {SF) *ENGINE INSTALLATION 1.52
.. L/D CRLISE 10.04 * CRUTSE S0, WING PRAFILE 2.95 .
#RANGE (STAT ML) 5CCa INST PwR EFRG HVR {HP} B86uU2. FUSELAGE 5,31 NSSIGN MESSION
*PASSENCER SCATS 33. CCNVER {HP) 5574, EMFSNNAGE 1.77. *FIEL0O ELEVATICN (FT) Ce
*CARGE (L) G CRULSE {HP} 7532, TGTAL PROFILE 12a14 SUOUND SPEEM HYR  (FPS) 1117.
#5FC {LB/HP WHR) Ge3BU WING [NMMUCELD 2,10 #8570 CAY TEMR [OREG F) 5C.
FOTORS *EMZRG MOVEFR ALT (FT) 2000.
#01SC LCADING (PSF) 17.00 DRIVE SYSTEM COMPONENT WEIGHTS {ILR} .. EHDT DAY TEMP (DEE F) S5
FACIUS (FT) 23.4  mEFFICIENCY .67 BOTARS 31558, *CT/STG MAX .15
SGLIDETY 0.143 HEL MODE wEIGHT LR 3537, DFIVE SYSTEM 4309, =MAX ACCFIERATICN () 0.25
B alc CHJRD (FT) Zot? ATRPLANE WEIGHT {LB) 439 PCWEEPLANT 1253 sLESTIGN CRUISE {MPH) 40
. TCTAL ELBCES a - MACZLLES 13u. £CRYISE ALTITURE (2T} 15080,
*CT/51G6 HIVER 0D.120 WING FUEI. SYSTEM 278, STUNG SPEED LASE (FPSY  1(5¢%,
®FROFILE CRAG CJEFF Ge 10 AREA {SF) 434, WING S 31du... ®MAX DECELFRATICN (G) -5
£ CCnALCAC 445 =LUACING {FSF) 95,0 FUSELAGS $36%. =STRUCT tLaC FACTOR 4,5
*EFFICTENCY HOVER CeB7 ASPECT RATIN To 08 EMPENNAGE 7834 “FLISHT CREW 2.
* CONVER L.B5 SPAN (FT) 5E.8 LANDING GEAR 1236,  *CABIN CFEwW . 1.
o CRUISE .71 MEAN CHORC (FT) 7.38  FLIGHT CONTREOLS | L 17104 =#AFC SPcEN LIMIT YES
FEL MCLCE WEICHT (1LB) 3558, ®*THICKNESSJCHIRE RATIO  0s210 HYDRAULICS 263,
AIRPLANE WEICHT [LE} 3426, =TAPER RATI) C.7C .. ELECTRICAL - £33, -
#71P SPEEL HCVER 62C. SWEEP {DEE) -563 INSTR+AVIGNTCS 703
% CALISE SEL . CRUISE LIFT CHEFF ‘ Se33. . AI® CONTITIGKINC 1150, _
#FUSELAGE CLEARNCE (FT) 2.0 MAX LIFT C2EFF CONVER 1.34% FURNISHINGS 2560,
#MAX FEL MCOE A0V RATIO  Ce%C  #¥AX LIFT (IEFF CLEAN 1a40 FLulcCs 2ute .
*FLAP ARES/nING AREA Je25 FLIGHT CHEw I
% INDICATES IKPLT vAR[ABLE FLIMB $PC/CONVER SPD 0.79 CARIM CHMEW 150, _ _ _ i} -
CESIGN MISSIOM SPEEC RETGHT  CIST TIME FUEL _
MPH FT M1 MIN LA
TAKECFF & LARDING . ) 2.00 75, ) B _ R ~
ACCEL. €& CCNV. GIU. G C.65 29.
A[RFLANE CLIMS 167.42C7. 14190+ 1l.4 3,67 léb, _ o
ACCELe TO CRUISE €. 8 ls 56 75
CCRUISE 420, . . _ h44.7 | €2.%& 2sie, . _ _ _ ) I o
ATRFLANE CESCENT 42C.9292. 14100, 31,2 5.89 33.
_EECELe & CLNV. .. 500. Lo 1.12 8., R . _ . _— _
ToTAL . e L EQG.0 78445 2802, - et e e+ s e . —
o . RESERVE - 23,00 T4Te

Po-1



M-B5-50

STAGE LENCGTH 1(FIa) . 25, 50,
CRUISE ALTITUDE (FT.} 2320 40232,
CRUISE SPEED (MPH) . 256, L35,
CRUISE L/C. 12.13 12.12
CRUTSE CISTANCE {MI.) 17.5 .35.9
BLGCK TIME (MK} 3017 13, 7
ELCCK FLEL (LPF.} 247, 262,
BLGCK SPEEN (MFH) 173. 219.

CIRECT LPERATING CCST -
AJRFRAME COST ($/LE)= 80.0 ENGIN
COC=1lall+Ca 024342, $/SEAT-TRIP {SL

HLF LEAGTHS SU+LEy+  J+ yUd L=2v
STAGE LENGTIH' £5, S5Ca

NGo CYCLES/STARTS i/l 171
FLIGHT CREw J0.556 0.439 V]
FUEL & GIWL Cae2T& Ca2Q1 o]
HULL INSURAMNCE J.302 J.238 J
TOTAL FLICGKT CPS 1.133 J.a87y 0
LABOR ATRFRAME Ja472 o 204 [¢]
MATERIAL AIRFRAME UelB3 Ue.ll2 v
LABOR ENGINES C.308 C.169 a
MATERIAL ENGIMES PEL NS Us2SE 4
MAT. BLRUOEA leulé Cat23 u
TCTAL MAINTENAMCE £0453 La47¢ 1
DEPRECIATICN . (.874 u,.£91 o]
TOTAL CIRECT CFRERATING CCST
$/AIRCRAFT NILE 40461 3.C38 2
$/FLIGRT HOUR 1.6 E64.0 6
$/SEAT MILE CeCES2 GC.CEQB O,
$/SEAT-TRIP c+23 2.04

5. 100,
13801. 1253d. 15

4224 . 4317,
E.72 5.22
I .6 49.8

16a S 2001
516, 54,
266. 290.

ANM UTILIZATICNURRI=Z2GID.
{s/HR)= 64,0

E COST
= 25435(0s)

JdoLCfreCor
15. 100.
1/1 1/1
s 361 Ce331
e 152 Le.lB2
«196 velBZ
«T48 Cu%3
e 2371 La 235
LUE3 CLLT7S
«119 {095
S 178 Calal
463 Cae349l
2082 [PIVE
W56T €521
2397 zo bl 8
38.7 £13.7
Qa9 C.C424%
3.60 4a24

g+ 0+

150.
171
Je 2599
Oa 76
Q.162
waeb 37
fal?2
U357
0.071
Cua L3
we317
e 720
[

l.826
586.9
00365
S.48

150,
Cou. 15
433,
5. 75
G2l 1
28a 0
547, 1
321

213, 328,
Ciuse 1500C. 15
4332 . 433.
5«15 9. 75
42.¢ 24246 3
3409 48,8
241. 1823, 2
343a 3694

NDEPRECTATICN PERICCIYRY=1D.

INSURANCE RATE=0.04d

0=31C

200,
1/1
L2830
Q173
0,152
Deb0%
e 155
walBl
0,059
el B3
G.217
Leb23
T &l

1.067
572.5
Qa0333
teb T

2004235+ Oy D4

300, 400,
i/1 171
Ca 2EC Ta251
Ue l6G DelbT
welbl e i36
0.571 e 554
v 13T J.128
Js 043 v {39
0046 0,040
Jaillh a4
0.Z228 U.7218
Ge 327 Joa 9
Vadly ita 385
L5307 l.427
555.9 54043
Ca0201 040285
G4 1l.42

4. 50
£ 15CL0.
433 433,
9. 75 G715
“42a6 G424 &
62.17 16.¢6
295, 2661,
3R3. 2626

[

LABCR RATE(S/HRI= 7.1

FUEL CAST (CENTS/GAL)=

D=400
50C, 20C,
irl 2/1
C.245 0.350
Ue LES Ja.182
Jel33 Ja181
"0.543  C.71%
G.122 34205
Ce 37 TelBR
0036 C.087
0,343 va.l25
L2506 De374
0045J 00563
_%.385  £.525
L3738 | 2.iv72
54C.1 GG o4
o216 WedaZu
13.73 B.4l

300,
2r1
PP E]
Je 176
Dalt]
O.O44
d.1Te
«255
Uo b5
e 191
0.3CA
Jael7?
J.abT

1.799
5El.8
Do U363
1719

18.0

400,

D.292
Lo lTl3
Cal92
Luetl2
Jal54
Ceia s
Lo 54
D, TH
d.2 710
L0601
[

1.652
567.7
Ue (331
13.23

§9-T



TIME  DIST ALT . VEL ACC  GAW
. SEC. FY T FPS G DEG
. GBSTACLE CLEARANCE .
3.1 4 7. 3. £.050 60.0
D hall - T 13. . Ha Q.l7L €u.C
5.0° 13, 23.7 13, 0.159% 60.0
e b2 244 420 . 18s Qo l26 6040 .
TeS 43, 75. 23. 0.092 64U
e .. B845 - 88, 10C. 24. GJ057 6udl
BCCELERATICA ANLC COAVERSION
A 16. 123, 33, UL.L72 51.9

¥-ES5-5(
ODEFARTURE PATE TO 10,0CG FT MSH,

MAX FUSE ANGLE=2U. GESTACLE CLEAR ANGLE=60. UGRSTACLE

10.3 103. 147, 40s Cal75 4l

Al.é 138. L7¢C. 48. J.17TT 33,2
1241 [8Z. 133. 57 Col7A 2746

v . 1208 233 2l%a Ghe LUolB3 236

13.17 2545, 236 T34 dal92 20.5
l4.5 355. 258, B4, €.191 ld.2
15.4 43U 275, G%e 0187 1043
1€.3 5¢C. 303 10%. Gal72 Laa?
17,1 6l4. 32&s 113. 0,182 13,4
18.0 721. 349, 123. 2.175 12.32
18.5 Beda 373, 133, L.170 11.4
1956 G715 39%e  lads Ual5T LUat
2led L1349, 42Ta 153, Jd. 146 9,0
dész 1325, #aCa Iti. 00124 5.3
23.6 1572. 496, 177, Galls 3.8
25«1 1847, 536, 182, Calu2 8.3
2645 ZlBO. 58Ze 19Za GalU9 7.9
28.8 2557. 32 202. Q.u82 TS5
Iua.T 2674 684, 212. C.078 7.1
32aT  34l4a T36e 2225 VG788 6a8
34.6 3E55, Td?., 232. 04881 6.5
3045 4304, A36.  241. C.0B3  aed
AIRPLAME MCCE CLIME TC 1dswtly FT
36,5 4304 B3€. 244. (.C 16.3
17742 412924 1CULC. 281. C.GC 13.5

THE TOTAL NCISE IMPACT IS 0,483940+06

NQISE AT S{C F1 SIDELINE= 94,8 EPANCA

THRUST

LB

4#371%.
48127
4T6TE
46458,
452SE.
14020,

43065,
42564,
4Z2T€S,
423814,
42F4za
G2EE€,
42751,
42872,
414044
3811,
EXE:X TN
1568z,
2Izlie
3059z,
2155C.
2456¢.
21461,
15261,
17525,
15852.
1426C,
1201¢6.
12C5%,

l4%1¢€.

12676,

NCISE £T 204,070 FT SI1CELINES £0G .4 EPNDB

LW50
LR

~0.
-3,
-G
~18s
-3,
=45,

-Al.

-1620°

=177
a7,
431
B&E,
1401.
20373.
2764,
3595,
452¢,
5558,
EEGLo
F921.
9253,
13644,
12211.
13217,
lagng,
14989,
15518,
16914.
11821,

HEIGHTY=1u¢,. MAX ACCEL ROTATION RATE=20, ACCEL ﬁU[LDUPVTlME= 5.

CLHGE
L3

=541,
-&h 1.
—GET,
'"'6?00
~-674.
60649,

=GZ20.
-1241,
-1c125,
=-17149,
—2037e
=2252.
-2576.
~28495,
-2l41l.
=773
T4,
2265,
3ige2,
B7u3.
TT4H,
G325,
lare3,
13461,
la627.,
15857,
17148,
14541,
19770,

NCISE 25,0CC FT1 FCRWARDC OF _TAXECHF PCINT?_SEQZVEFhDB”'WW”

CNCISE 5CL FT FCFWARD CF TAKECFF PLINT= 96.1 EFNGE

W60

LB.

Oe

2
54

Fe.

15.
22.

25.
"2ha
25
2% s
330
5t.
B0
117
165,
2220
289,
365.
452,
G4k,
[ T'™
Tata
ES 4.
qf{SI
<71,
1010.
145,
1586,
1124,

DWGI

LR

¢,
L64T. L

cJC,
Hh4,
Jul,
518.

3U3.
159,
19G.
141,
1340
136.
l42a
1h2.
1CE.
bba
4O,
1013,
174,
275,
405,
5&7.
153,
8520
921,
993.
1665,
1145,
122%¢

OFUST

L&
le
1.
28,
. B4
IUN

134,

132,

ALP .
CEG

25,3
28,5
267
2Ta 5.
28.3
2%9.1

2545
4{1a5
48,5
53.9
5T.6
59,9
61le9%
63.56
b4.5
63s1
62,2
60.9
55.6
5746

5556

52 eid
L]
Ghgl)
406
36.1
3l
22.0
Ldcé.

THE  ANO

CEG  [CEG

2‘1:;&-35:;4
2446=3%.4
24.6"35-4
2426350 4%
24.6-35.4
24.6-35.4

Fhab=2T e
Z4%abh= 1654
2%.0 =8.6
Zaab =341
246 1.0
2%k 4l
2%.L o4
2hub 8.3
4.6 9,5
2486 llo2
2446 12,2
2.6 13,2
2hats Lé 4o
24t 1447
Zheb 15032
Zhels 15.0
Zhe0 1643
238 15.9
22.9 1544
2200 1%e9
2142 14.5
2C.7 14,1
20el 1308

ALV LAMDA

LEC

28,8

Z4a7
23,5
2205
21.9
21,2

21.2
2508
29,5
2846
27.3
2543
2300
2347
17.9
15,2
1247
10.6

3.7

Tots

ITL LY
Uaud29
0.0%58
00594
Teluzn
Coldu9

0.1272
Go 1584
el 78
Cuel076
LallTh
Celli?2
Qs 1072
d,1375
a.1102
Lallnda
0.1221
0.1270
wellel
TOu1479
ValGh5
Laluiz
02100
w236l
La2575
Do 2956
(NS B4
G.3518
Uo 3822

MU

0. 0020
Jed154%
0. 0090
Gafs127
daGlo?
Jo0210

H.0265
Gali4l2
[ 1
0.0721
waant
01393
Ue 1199
Ua.i354
0.1497
(la 1633
UelTe3
Oa 1346
Dy 200
Ua21lud
Uo7 LAB
w2231
0.2167
Ue2t3?
Ga2131
£a 1535
JelT749
J.1%08
Doubly

cT o

0e 0130

Calil54
0.0152
L.ul48
Fedlab
DsC141 .

ewl2R
UaCl38
e 127
0.C137
ded 1737
e2138
Ceula?
Cell137
0,C133
Caal28

0.0122

O, 11%

A R
ANV IRL-A-
Jo LLEBS
(R
U.C069
CaGCe2
02557
020051
Uadiudh
a0, 0042

U 3239

POWER
HE

58&3,
£BEL,
1020,
TCRC,
7210
T0A0e

1080,
TCELs
142G,
TCrCay
TCFU
ToRD,
TLEl,
Toéi s
TCEd.
TCEC,
Toe0,
7020,

kI

TCRC .

TUéga

T8
ce0,
TLFEC.
TUEU
TGRS
TLRZ,
TC30.
TCEG.

99-1



TILT RCTCR LCESECN FRCGRAM 1974

C-15-5¢

CVERALL.
GROSS WEIGHY {LB})
EMPTY wCIGHT (LB}
FUEL WEIGHT {(LB)
PAYLCAC {LB]
CRUISEZ SPZED (MEH)
o L/D CALISE
*RANLE {STAT M)
BPASSENGER SEATS
#CARGT (LB)

RGO’ S
o *L13C LCACING
RADILE [(FT)
SOLICITY
ELALE CrGrD (FT)
TCTAL ELACES
#*CT/S1IG BOVER
*PRCFILE CRAG COEFF
¥ DOnNLCAL
*EFFICIENCY FCVER
* ‘CINVER
CRUILSE
REL FCLE WEIGHT (LR}
. BLRAPLANE WEICHT (LE}
“TIP SPEELC FCOVER
= CRLISE
#FUSELAGE CLEARNCE (FT}
*vAX FEL MCDE ALV RATIU

[PSF)

* INDICATES

YsCU
.0
d.17%
2.87
1z

Oa 123
vedlu
G
{aB3
Ua81
LCe7C
6l94.,.
436,
450
L - P
2.0
C.40

[NPUT VARIARBLE

DESIGN MLISSIGOM SPEEL
MPH

TAKECFF & LARLING
A4CCEL. & CLCAVv.
ATAPLANE CLIMB leC., 168,
ACCEL. TC CRUISE

- CRUISE 417,
ATRPLANE LCESCENT 41701292,
CCECEL. & CCOhv.

Do TATAL L

RESERVE

POWERPLANT

INST NCFMAL PWR IHPJ“--

*NUMBER JF ENGINES .
*EXCESS FACTOR KEL MODE
*7 PATEL EFMRG HVYR

* CCNY + CLIMR
* CRLISE
INST PR EMRG HVYR (HP)
CTRVER [HP)
CRUT SF (HP}
®SFL O [LBARP KR}
CREVE SYSTEW

=EFFICIENCY
HEL MOROE WEIGAT {1B)
ALFPLANE WEIGHT (LA}

wWING

AREA [%F)
=LOAOING (FSF}

ASPECT RATIO

SPAN (FT)

MESN CHIOREL [FT}
#THICKNESS fCHOUD RATIO
=TAPER PATIG

SWCEP (e}

CHUISE LIFT C2EFF

¥ax L1ET CNEFF CONMVER
=MAX LIFT CZEFF CLEAN
EELAP AREA/WING ARLA

CLIMA SPLACCAVER SPD
HEIGHT  [T1§7 TIME
£T "1 MIN
2.40
1UtU. 4. LU
C14C00. 1le7 2,94
<. 8 1.76
44242 61.65
14900s  Zéob tald
S luwd. Z.9 1.1
£00.0 79,19 .
ZU.uv

DESIGN ITERATIONS?

L FUSELAGE | .. R
9906 . TLENGTH (FT)
2a *DIAMETER (FT)
1.4Q *LAAG FACTOR
14U . —
12y. FLAT PLATE AREAS {SF}
Y0, WING PROFILE
990 €. FUSELAGE
7412, EMPENMAGE
BTG%, TOTAL PROFILE
Ueds 2¢ WING INCUCED
CCMFCNENT WEIGHTS (LH)
LeQT RIS
BG4S 4 BRIVE S5YSTEM
7321, POWEFPLANTY
NACSL{ES
SUEL SYSTEM
Tid, W17
T5.0 FUSFY AGE
T.59 EMEZINAGE
T3.1 LANDING GFAR
Qab3 FILLIGHT COMTFOILS
Ve 210 HYNRAULTICS
0,79 FLECTRICAL
=hed INSTE+AVEDNICS
0,26 AIR CINDITICNING,
1a7H FURNISHINGS
| FLulrs -©
Ge25 FLIGHY CREwW
fe272 CARIM CREW
FUEL
LR
95,
6.
225 | - -
1(16a
3las, _ - _
4le
1U. . _
jeos, . -
GH%a |

BL.0

100,

1.00

4052
5.31
2.77
15,26
2425

“eq38,

IEE T
2123,
L b,
423,
438G,
ERET,
1157,
1985,
24284
257,
N6,
Tul,

1150, .

2RCCs
264,
400

153e. .

A

- -3TRUCT TECHNOLOGY. FACYORS

=ROTNR
CATRAMSMISSION

=AIPFRAME
CRENGINE {HPALBR)Y | .

HENGINE TASTALLATICN

DESIGN MISSIIN

=FIELD FEEVATICN (FT)
SOUNG SPEED HYY  [FPS)
=STD DAY TEVME [(NEC F)
*EHMERG HOVER ALT (FT)
*H3T DAy TEMP {LEG F)
®CT/SIG MaL
#MAX ACCRLENATION (G-
¥CESTGN CRUISE (MDH]
=CRUTST ALTITUCE [FT}
SAUHD SPEFD CRSE {FPS)
“MAK MECELTRATION (G}
®ETAUCT 1.0AN FACTCR
®FLIGHT (RFW
*CANIN CRLp
=ATE SPEED LIMIT

1.05
0.85
.80
7400
154



R-15-52

STAGE LUENGTH “iMIw]

CRUISE ALTITUUOE (FT,)

CRULESE SPEED thFH])
CRUISE L/C

CRUISE BISTANCE (M,)
BLCCK TIFE {MINg}
BLCCK FUEL “(LB.)
BLGCK SPEED (MFH)

CIRECT GPERATING CCST

ATRFRAME CCST {%/LE)=

DOC=1.84+4CaL25G%51

T 25.
2uuil s

2CE,. -

12.75
1T.0

8o 7
3l7.
173.

BU 2

100

e SUe . 15a
4000, 1JO01. 125)L. 15
_305, - 417, 415. .
le. 78 G.413 $.%3 1
o 3505 30,E 49,1
13.8 17a & 2le3
462, £55. g2¢€. 1
219. 261. 282,
- BNN UTILTIZATICNI®RI=2GUG.
ENGINE COST ($/HPI= &0D.UL
$/SEAT-TRIP {Sl.= 254,5(C0s1
Ut us2ou Ludtzoud U s
50, . 75 lud. 150.
/1 L7l 1/1 171
AL D .3ER G.741 (.308
257 Ca243 Ce230  0.220
LEILBY  GL.266  {.248 0,222
016 uWdTT  (.81l6 0.751
2339 Ua 263 {+229 Ua 193
Jdal Talhb CouiS0  LeuT3
LJATT wel2s C.100 0.075
2295  Ua206  Cal&d  uLLllS
672 JL505 0,429 L,348
JE24 1.206 1,011  0.HOR
515 . G.T65 {,157 Ca bl
1 )
«554 2ad48 Zs534 20154
5.4 743,11 Tl%.1 £05.6
C711 0.0570 C,0507 0.0440
3.5% 4,21 5.07 6459

HGF LEMGTES 5C+15C+ Q+
STAGE LENGTH - 25.

NCe CYCLESASTARTS 1/1
FLIGHT CRtw J.556 0
FUEL & OIL C.153 c
FULL INSURMNCE Lodll G
TCTAL FLIGHT CPS 1.31¢ 1
LABOR AIRFRAME C.518 C
MATERLAL. PIRFRAME 0.229 U
LABIR ENGINES C.322 L
MATERIAL ENGINES CoB48 n
MaT, BLRGEN 1,493 G
TOTAL MAINTENANCE Z.710 1
CEPRECIATICN 1.155 Q
TGTAL DIRECT GFERATING COS
$/AIRCRAFT MILE . BelT0 3
$/FLIGHT HOUR B894.3 7
SASEAT MILE . G.1€35 G,
$/SEAT-TRIP 2e 5%

153a
ocd. 15
41Te ..
Laeb2 1
G1.5 1
268
189, 1
312,

2049, . 3¢

0CGa 150G,

4174, 417
Cab2 10.5

41,5 . 241,
3660 Sde
555, 2278
333, 357

15
L
2 1
5 3
4
. 2

DEPRECIATION PERIGDIYRIZ1D,

INSURANCE RATE=0.040

C=304

200.

1/1
L. 289
G.216
Ga 248

G713

Lel73
{all64
G.0o2
Jg.aa7
G. 305
Je 701
e 595

2aUl4

6ET(. 5

0.0403

B. 5

20042y 0

300.
1/1
Ve 245
0,211
Lal94
Ga&75
Uea 153
edB9
0.049
(G.d75
Ca 283
Gs595
Ue5hSG

ls428
£52.6
_0.0366_ 0
10.57

+ D4

4C0. ..

1/1
Te 760
0,208
L, 187
G.8e55
(WS ET
el
0,042
.63
(s 242
Gu 541
(r.539

1. 735
&42, 3
o G347
13.88

400,

CLd.

417,

Lab2
4145
6448
991,
37C.

500
15000,
L 417,
17 .52
441, 5
1502
3654,
i79.

FUFL CCEST {CeENTS/GALY=

=4

L 80Ge . L. 200,
1/1 2/1

CeZ254 Ca35T
C.205 Co 230
NelB3 Na246
o642 CaR33
Dal38 Qo227
.48 {0LAT
C.d386 C.0%1
{1157 Celb4
Ce229  L.414
G309 Ja9k3
G527 Le7 8

1.67% __ 2.504

€356 75545
0.033& DeCECL
16.79 " lu.n2

. 330,

271

G317

Uad?l
Ce221
D. 758
bals0
Ca373
Ca68
Gelu7

Ua336

Do 172

e b35S

2165
680.1

CsCa33

12.99

L ABGR? RATE{S/HR)= 7.07

1%.u

400
271
(277
Colé
Gl F
0.721
U172
Laub?
0o 057
AR
Ja.29R
Lob Tl

we99%

14567
E65 .G

Oa w355

15.98

go-T



. . C=-75-5¢
DEPARTURE PATH TO 1C,LL0 FT MSL
MAX FUSE ANGLE=20a GESTACLE CLEAR AMGLE=¢3. OBSTACLE HEIGHT=100, MAX ACCEL RCTATION RATE=29. ACCEL BUILDUP TIME= 5,

TIME® OLST ALY Vil ACC  GAM  THRUST LWGT LWGI OWGD DWGI DFEUST ALP  THE AWD ALY LAMDA My cT POIWER
5E&C FT FT FPS . G DEG LB 1.3 P i.g R L8 ©EG TCEG CEG CEG HP
CESTACLE CLEARANCE e . . . . .
3.1 4. 7. 3. Qalou 6y HEIBLL ~l. ~T7t2. 0. 9la, . 1. 29.3 24.6-35.4 28.7 0.065%4 0.0026 0.017+ 6737,
Ge L Ta 13a Bs (ol7l GDa0Q 6171ls —5: ~—85%a 3.0 B22s s 2665 28e6-2%:4 26,5 U.1u5y U.JUIG 00,0192 7964,
Ged ie. 2C. 13. U.220 bu.0 64CEEZ, -14, =512, T. #41. 28a 2545 2446-35.4 23.2 §L.1119 0.9116 4,016 A7e4,
5.6 19. 3. I8, 0.178 60.C 42C17. -28, -~429. L&, 7045, 55« 2643 24.8-35.4 2100 001156 0c0157 0a01%3 8764,
ba1 320 56 23c 0al136 bUal  GBLLEE, -46, -—923, 23, 673, 904 2743 24463544 2043 0,1193 3.0208 0.0187  87¢4,
Ba4 55. EL 28, LaG93 6300 5PLLE. ~6%a  ~Y2J. 34, B4L. 135. ZH.? 24.6-39%.4 19,48 0.1234% G.0262 C.318)  BTE4,.
B.E 58. 1CG. 28s CuC55 £040 Sealdz, =36s  ~F1de 4Ta 0220 lHBoe 2ZYc2 2906~2504 1809 50127C 0e320 J.12176 8764,

ACCELERATICA ANLC CCANVERSTIN
9.5 3. 12%.,. 37. C.157 52.4 54924, -152, -1213, 45, 392, 740 25,6 24.6~28.1 1842 0.1305 0.0374 J3.0L7T1 a7s4,
10.4 1C%, 15t +%s CalTé 42,5 %4131, &840 —1&abe SJs  2H3, 1332 29:3 2406-17c9 2250 G, 1309 G.05TU 0.0171 Atb4,
ll.4 154, L5 . 52¢ 94159 39,0 S5%LEZzZe ~422, =23%4, 52. 2349, Sy 4748 24af=10ab 24,0 0,1300 ULTRG ULL,0172 ATEa,
12.3 2C1l. 213. hde D160 29.5 95107, —30. —2447a 45, 21l2. Toe 53.1 296 ~4.G 2307 £o1296 0:0GHY 0,0172 B7E4,
13.3 29%, 2410 L5: Dalb9 25.4 551%E, 4590, —-28%9, 53, 2l6. A2a D640 2446 =348 22.3 L1291 DLLL93 Y,2173 R7¢&4.
L4.2 326, ZhE . Tds 74167 2242 35141 1147, —-33(3, Th, 21l. 02 D%sb Z4eb 2473 20a% Gal2%) 0.17196 J.L1T3  B8TH4,.
1541 404. 2596, 7. G.163 15.8 55CC%, 194Y%, —-38lé, 115, 2725, T3o 6lcB 2458 408 1863 Col249 Uolall BoD172 8764,
16.1 451, 326, 9T Ual®s 1748 93S7Z. 2893, —3375. 162, 187. Ghe €30l 2406 0aB 1545 wal3la 01753 0,u163 AT704,.
1/7sC 590, 353, Ie?a Gul?L LlA.l S1TSE, 3637, —Llar . 237. li6, 129, 6L4% 2426 RBu5 13,4 ULu1381 GLLSTL 245162 E£764.
18.1 T12. 385, 1llbs Delad3 1448 43610 5230, Bbl. 3204 106, 174, 62.0 24.f SR 11.0 0.144% 0.2130 G,0153 RTc64.
16,13 £4G, 418, 1264 Col35 L3eb 45555, 6872, 317% 419, 161la  23us EUeT 24ab 1lol 9.0 U.1538 90,2290 CG.Cla3 B784.
VRS- TR SV I 450 . 13&6s Q4127 1246 415Gk, 2165, 57121. £33, 26d, 297« 552 2445 12,0 Ta2 Galbbd Da2432 0.u132 Blc4.
2l.8 laCla 4G4, 145, G.110 117 381C7. 9857, 8477, 662. 424, 2T6. 57,0 24486 1208 557 001829 02545 00120 BTé4e
23e3 L1448 3B B5a CalU% 1la0 3A3S%4, [1697. 1l4%4, 8db.  626.  48%. 53,0 24,0 1346 Gah UaP 49 L2625 Uedlol BTE4.
25.u  l1E&SH. 507 . 1eHs Gul®3 153 26572, 13684, 14673, GH5 . BT4. 5606. 49.2 2426 14,3 3,2 £.27293 1.262% 0.0393 RTE4,
26«8 2C11. €4l 175, C.085 G.7 28L7%; 15518, 18120, 1138, 116bs 73e %263 2426 14cB 212 Ucillh (to 2482 GCaiGuFU Q27£4,
28,7 2356, 697, ld9e S8l 92 Z21%4z. L7774, 212067, 1284, 1434, TVhe 3348 2443 15,1 Lot 13264 G.2102 .0208 B71H4.
30,7 Z7at. 151 199, G.,oT1 Ha? 152C4, 15423, 23217, 1332. 1551i. BL2. 2747 23.3 14.6 .9 00,3634 0.1845 0.C06l G184,
3241 2142a 215. 20%a La(CTS  Ha? L7416, 20248, 2527T¢s 13973, 1677, B59, 19.0 22,5 14.2 (.5 D.4060 0.1363 &.9¢755% 8764,
3.6 3506u. 873. 2l4. U799 1.9 16C4Z. 21801, 27427, 1455, 1314, 3.8, Fog 2148 1347 Ma2 uada Tl Gu206T6 CWD351 8784,
6.t 4L4a4. 9374 224. CaC?71 T.6 15250, 23237, 29530s 1523, 1532, S0la —3e2 21lei 130€ a0 Cod4712-0al247 Co0CAS BTE4,
B 39,0 4553, i0U3e 232, Q.C70 7.3 16758. 23338, 25489 1451. 1834, 931, =3,2 2Vl 12.7 30 Lo4871-0.u2T3 Jdedaal  ATed. |
AIRPULANE NOCE CLIME TC 13.0ce0 FT
35.C 4523, 18C2. 234, 00l 15.6 1EBCGZg
1884 F 42z4le LCCLL. 269, Qa.u 13,0 1578(.

THE JTCTAL NCISE INMFACT IS w.22836C+(0
LNLISE AT 596 FT SIDELINE= 9Ce3 EPKDS
NOISE AT 2(,(CC FT SICELINE= 57.0 ERMCB

- NCISE 25,44Gu FY FORWAHL CF TAKEGFF PCINT= 54,5 E£PNDA

NOISE 5CC FT FCRWARE CF TAKELFF PLINT= Sl1.3 EFACE

69-T



TILT ROTOR CESIGN FRCCRAH 1S74

Q-85-50 . . ...

OVERALL . -
CROSS WEIGHT {LR)
-EMPTY WEIGHT (LB) .
FLEL WEIGHT (LB)
PAYLCAE (1.B)
CRUISE SFEEL {MFH)
L/0 CRLUISE
*RANGE (S5TAT Mi}
#FASSENCER SEATS
BCARGL (LB}

RCTGORS
*LISC LCACING. (PSF)
RACILS (FT)
SOLICI Y
ELACE CHJRD
TOTAL PLADES
*CT/51G BOVER
*FROFILE TRAG COEFF
T DOWhLCAD
*EFFICIENCY FCVER
* - CONVER
CRUISE
FEL MCCE WEICHT (LB
AIRPLANE WEICGHT (LE)
*TIF SPEEC RGVER
* CRLISE
*FUSELACE CLEARNCE LFT)
*MAX FEL MCCE ALYV RETIU

(FT)

44477,

IyPeE=,
3474,
10150,
Gud.
1€.54
500w
10N

[V

(QDJLU_ o~
28T

Gal 176G

fet3
R ¥
0. 144G

Vil

4.9
Def7
[V -]
CoT1

457
4745,
4ECa

48C.

2. C

Cedy

% INDICATES INFLT VARIABLE

DESIGN MISSICA SPEED
. MFH
TAKECFF £ LANCING B
ACCEL. & CCRv.
: . ATHPLANE CLIMB | _ . 15544153, _
B ACCEL. TC CRLISE
T ..., ... CRLIGE .
. AIRPLANE CESCENT 402642524
_.CECEL. & CCAV, _ W
T . _TQTAL

4G3,

- ... RESERYE.

_.POWERPLANT

INST NCRFLL FWk (HP)
_ ¥NUMBER UF ENGINES
2EXCESS FACTUR HEL MOCE

%% RATED EVRG HVR
* CCMV + CLIMA
% CRUTSE
INST PWR EMFG HVR (HP)
CONVER  LHP)
CRUISE [HP}

*¥SFC {LB/+F HR1}

ORIVE SYSTEHM
FEFFICTENCY
HEL MOCE WEIGHT (1L8)
ATRPLANE WEIGHT {18}

WING'

ARFA [SF}

*| CADING [FSF)

ASPECT RATIO

SPAN LFT)

MEAN LCHIRL (FT)
ATHICKNESS JCHORD RATID
C%[APER FATIO

SWEEP (DECG}

CRUISE LIFT CGEFF

MAX LIFT COEFF COMVER
#MAX LTFT CJEFF CLEAN

=FLAP AREA/WING ARER
. .CLIMB SPE/CUONVER =PD
HEIGHT CIST T IME
FT Ml FIN
. 2403
1009. 0.8 Gab2
.. 14000, 1la4 AL
8.6 L. &4
L 444,.9 66433
140004 232 5454
..o haoo. C.8 Llela
e 50040 81460

20.00

TIONS

80l

e

l1.00

LB

ol STEUCT TECHNOLGGY FACTCRS

*RUTOR

*TAANSMISSTION
=A[KRFRANME

FENGINE [HP/LP)
*ENGINE INSTALLATION

o 3455

5.2

L. 2.37

laste
2.27

“a745.

E4EF,
LLG3.
1ca,
2%7a
3148,
E431.
8445,
1335,

LEC5e |

273,
_7C3.
163
2500,

" 400.

LLEG.

CESTIGN MISSION

=ETELD ELEVATICA (FT}
SUND SPEED HYR  (FPX)
=570 CLY TEMF {EEC F)
=EMEPG HOVES ALT (FT)
=HOT (AY 1EMP (TEC F)
wCT/SIG MAX

EMAX ACCELERATICN (3)

{MBH)
*CRUISE ALTITUCFE (FT)
SUUND SPEED CREE (FPS)
=Max DECTLERATICN IGY
¥ETFUCT 1L.CAD FECTCR
=FLIGHT CREW

- *CARIN CFEA

=ATC SPEED ILTMIT

150, L

L2224 .

. GESIGN .ITEPRA
e o wmeFUSELAGE
7954,  ®LENGTH (FT)
2. ®DIAMETER (FT)__
la4L *DRAG FACTOR
140, i ..
i2¢. FLAT PLATE AREAS {SF)
L 90, . wWING PREFILE o
7554, FUSELAGE
5951. EMPENNAGE _
T91&, ' TCTAL PROFILE
Lo 280 WING INCULED _
_CCMFUNENT WEIGHTS (LB}
He%T ROTARS
4947, DRIVE SYSTEH _
5458, POAERPLANT
NACELLES
FUEL SYSTEM
561, WING
75.0 FUSELAGE
Te 82 EMEERMAGE
68,1 LANDING GFAR
8.7T1 FELLTIGHT CONTRUES
02143 HYDRAUL TS
g.70 ELECTRICAL
-5.3 INSTR+AVICKICS
g.29 LI CUNDITICNENG
1.76 FURNISHINGS
Le4t . FLUINS
0.25 FLIGHT CREW
1219 __ CABIN CREW. o
FLEL .
LB
S, o _
27.
o 163a
12,
2417, i o o 5
29.
e _ _ I
2¥Bba
£5d.

La 55
LAl
.76
1802

1.54

0.
1117,
Sgl
2000,
GE,
0150
(a25
410,
150G3.
105k,
Ca20
G445
e

l.

YES

0L-T



Q-E5-540

STAGE LENCTH (K1)
CRLISE ALTITUTE (FT.)
CRUISE SPEELD (MFH]}
CRLLSE L/C

CRUTSE CISTANCE tHM1L)
BLCCK TI¥E (MINa}
BLLCK FLEL (L2.)
BLCCK SPccu (MFEHI
CPERATING

"DIKECT ccsT

25
2030 .
256,
12.04
17.7
ol
245
172.

- ANN UTILIZATION(RRI=ZULG,

AIRFRANME CCuT ($/LE)= BL.U

S0
4000,
20 %,
12.04
36.0
13a8
154,
217,

10

ENGINE €0

LAC=1abz4Ca(2&THEL $/SEAT-TRIP {S51= 25
HCF LEMAGTRS S¢1504 L+ o+ (=200 ]
R STAGE LEMNGTH 25 5Ca 5.
NUe LYCLES/STARTS 1/t 1/1 1/1
FLIGHT CREW Gabbs 0.438 Q371
FUEL & GI1L C.c60 Cr157 0o 183
HULL INSURANCE weld2 v.2a3 Uez222
TCTAL FLICHT CPRS 1.155 L.898 J.T75
LABDR BPIRFRAME Vodud2 fe222 Qo252
MATERTZL A{HFRAME G200 vel23 G053
LABIR ENGINES C.301 Os166 Je118
MATERIAL £MGINES Ga440 C.231 Caleb
MAT, BLECEN 1.031 C.635 UesB1
TOTAL MAINTENANCE Zalt4h le483 Lo L1G
CEFRECIATIEN daG56 DTS5 | wl.63B
TOTAL CIRECT GOPERATING COST
$/AIRCRAFT MILE 42574 2o l36 2a 524
$/FLIGFT HJUR 184.6 68:2,7 6482
— - $/SEAT MILE C.C915 (€.C627 0.0%05
$/SEAT-TRIP 2e28 2el4 3,79

15. 13C. 151, 200 310, 4l . 0.0 .
CCls 12520. 154G6C. 1500, 15¢yCO. 1520%. 15C800.
A% L. 400G, 492 402s .. 402a 492 402, - - _ _ - —
G.24 5.53 1£.53 14,53 10.53 1,53 15.53
24,1 5243 G442 144.2.  244%.2 344.2 4hb, 2 .
11sE Zl.t 29,4 3¢€.9 51.8 6a.7 S31.6
463, £18, 2%91. lLl6é6. iTl1. 2250, 2781.  __
257. 277, 3064 325, 347, 360, 268
DEPRECIATICN PERIOGEYR)=1uU. LABCR RATEI($/RR)= T7.0U0
ST ($/HP)= &Q.0 INSURANCE RATE=C.C40 FUEL C0ST (CENTS/GALI= 18.0
o150 Ce ]
LLHFaoy L+ G+ v=3Aul FIL #2264+ T+ Q4 02477
100, 150. 200. 300, 400, 5CCa . 2C0q 300, 400
1/1 171 1/1 171 1L/1 /1 25 271 2/1
L343 (311 0. 293 G274 025 C.295% C.35% e R20 Da301
Col?l 0al65 UJolE2 {ha 135 LelBG 0e155 YedlT3 o b8 [+ P N
La2h Lal80 Je 175 Celig vel3dd e l55 Ge2718 LelBY Calls
C.721 C.683 ta630 0,597 Qe 5TY Ca56GS 0. 739 C.0T1 0.83E
e 223 Go 18O yaleT Ua L0 e ldl Lal24 G.2t8 L1023 ila lé&E | -
[ Cadeh Ul 57 Gav4s (e 045 (343 Uil Usiie2 0,055
L£.095% Jad71l 040595 Qo 047 d:0641 0ga027 CyCBE Qoubb Do ubh
Lo122 Ge LGB L 78 (edtl Gefh2 ettt Gel17 el BO Cauidl
C.409 Q+334 Ja284 Ge25% 0.235 . Cu273 0.355 Ue3iZ23 0,287
CaG34 Ca 751 Qe 650 Lo 540 Ue512 o483 CaA5L Lo 722 D.634
(4991 Je 530 D.504 0,472 Jed58 | Uat4b {.591 Us533 [T
2245 1.551 1.790 1. 62R 1s547 1.498 24221 14724 1.77¢
23,4 5G6.3 S5E2.4 565%. 7 5%6.9 554,55 ' 615.48 591.7 5T7T7a1
CaC4a% 00,0390 0.0358 0,0326 Co0309 _0ov3di) Uclédsd 00,0385 (oulsSt
4§ 5. 8% T.16 Q.77 L2.32 l4.98 H.88 11.54 14.21.

TL-T



C-£5-5¢ .. e
CEPARTURE PATEF TO 1C4LCC FT M=

MAX FUSE ANGLE=2Q.

TIME ¢ QIST _ ALT VEL 8CC  GaM
SEC F1 FT FPS G LEG
GBSTACLE, (LEARANCE o

3,1 . Ta 3. C.050 60.0
40 Ta . 13, Be G171 €G.7
447 12, 23 13. 0.221 61.0
5e6 19, 23, 18z €Cal179 60,0
6.7 42, 55, 23, (6.137 6J.0
Bek 55e.  %5e¢ 289 0sGY94% 600
8.5 58, Ly, 28, G.C56 60.0
ACCELERATICH AND CCAVERSION
9.5 8U. 130, 37. C.1%% 52.7
10.4 110G 156, 4%, U.lTl 42.5
11.4 151, 1E€, 52e¢ LolS%8 25,0
L1244 202e Z1he 6. 0.159% 29,5
13.7  26C. 242. 66. 0.169 25,4
l4s2 327e. 265 7T8. U.167 22.3
15.2 405« 297. EB7s Celd3 19.8
16,2  4%58. 327 97e 00154 1768
17.1  59l. 354, lu7. 0,171 16.2
1H.2 T13. . 3FE7¢ 1lbe Geld2 l4.8
1943 A5 1. 4206 126e o138 126
2G.5 1J13. 4564 136, G.126 12.6
Z1e5 12C&.  4%E.  14%, Calld 11.8
23e4 1435.. 54l. 15%. (0.1u3 1i.0
2541 17L5. S56Lls 165 UeC92 1Ja3
ZbeS 2028s . 646a 175 (aCH4 9,8
20.9 2393, Tu5. 185, d.077 9.2
3i.0 278B. TEE. 195, J.076 B.E
33,0 32191, A2%4  2U4e UowT8 Ha3
35.0 3614. 884. 214, U073 7.9
37.1  acse. 949, 22%. C.07L Tub
BIRPLANE MCCE CLIMP TC lu,Cul FT. ..
37.1  4CSe. G4%.  228. ol i6.0
1884C 4CGE€8. 10CCCa 2€ls Cor L3, 4
THE TOTAL NKOISE EMPACT IS C.2ClCID+Ce

NGISE AT

" NCISE AT

UBSTACLE CLEAR ANGLE=69U.

60 F1 SIGELINE= 89.8 EPNLCE

THRUST
La

471874

51547,
53565,
52245,
5C617.
4ESEE,
47535,

46265,
GHCRT.
4€3226
GE3532,
G656 .
4E2¢.
GEZEC,
45385,
43853,
40521,
3fzGla
35283,
32CCa.
2ZEE0 1.
24206,
2110%e
1Ev6Z.
RELGSC.
14€%C,
1352¢.
12867

QBSTACLE

L LWGD
LB

=0

—4.
-12.
~24.
-39,
=55,
02

-13C.
—24+4%a
=370

=32,

416,

482,
1672
2487,
343 1.
4503,
5Td4e
TL35,
9494,
1vLA2Z,
1179¢.
13637
18231,
16321,
17491,
18741,
19852,

15£45.

12£24,

20,000 FT SLCELINE= %€¢.2 EPNOB

NOISE 25,CCC 771 FCRWAKC CF TAKECFF PCINT= 54.2 EFAODR

" NCISE 5CC FT FCRWARL CF TAKECFF FCINT= 90.8 EPNCE

HEIGHT =14,

LWG1
LR

-581,

=TT,
~T56.
=170q
=766,
-Toz2,
=T71.

=-1liUu5,.
=-1362.
=170Le
=2026,
2368,
2740,
-316¢.
=814,
~11E%.
Tub.
2643,
4765,
Tuel,
G54 3.
12224,
151U 6a
| AT
149211,
20509,
22652,
24429,

CwG2

LB

2.

b
120
20.
29,
41,

42
43,
r"sﬂ
35,
46,
&5.
9?'
142 e
230,
270,
354,
449,
558,
650,
81l4.
96‘:}@
127k,
1114,
1165.
1217,
126G,

.

0s

MAX ACCEL KCTATION RATE=21,

DUHGT
LA
7574
681,
Eta.

5B84o

557.
531.
515.

125.
239,
194a
174,
le%.
173,
184,
1540
Ghb.
ql.
134,
220
J4 7,
Si7.
Tl4.,
us2,s
1154,
1250.
13sz2.
1455,
15640

OFUST
LB
le
JELM
2B,
Yia
S0,

134.
187,

173,
13z2.
9T s
73.
a0a

AL P
LEg

2602
26.5
2544
2653
27.2
28.2
29.2

29.7
9.2
47,8
53.1
S56:4
S9.4
S51.7
63,0
Ole4
61.9
Gueld
59.0
56,8
53.6
45.0
41.9
34.2
2Teb
9.1

8.6
2.1

THE
LEG

L2 S YR

LEG [EG .

2406-3504 2807

24.6-
2%ehm

I5.4 24,5
25.4 23.2

242062504 2C.S
29.5—325.4 20,3

24,6~

35.4 19.5

2. 6-25.4 18,7

2hab—
249.6—
24,6

2% 0
24ah
24 .t
2406
2400
2446
2heta
Zhats
2446
2456
2hat
2446
24%cbh
24,72
23.2
2744
2l.7
21lal

T4a1

28.1 18,2
17.% 22.0
lusa 24,35
4.5 23,7
-0:5 22.3
2.3 2u.4

e B 18.3

taB 1529

Bad 1344

.0 10,9

11.0 &,
12.4 7
12,8 5
13.6 &4
la.2 3
14,8 2
l4.5 1
14,5 ¢
it

To B ol (U (¥ L EVREN [N Ve

*
a
.
L}
-
.
@
a

=

13.8 U.
13,5 =00

LAMDA

0o U553
vta 1049
0.1120
Goll6T
0o L1%4%
Tel234
L1271

e 1308
Q.1310
Gel3ul
Jel237
0e 1263
ia1292
Qelea2
Uo1313
Nel264
G.l#u48
L1542
14 164G
1335
1,,2057
Ce23sh
.2 759
L3232
Do 36862
Cahodh
Jaadd9

MU

Qa JU20
UeilTd
Jd.011lb
0.0L57
0. 02C8
et 262
Tew32Q

Jai13T74
2. 0570
UeNT84
GellGAA
Callis2
J.13635
UalnG9
Uo1752
NalSe%
d.2128
b 2208
Vadu29
Lo 2545
i 2618
Qa2¢15
da24b0
Da2lds
Qa1 846
Jelah
(LY

Co&T8=1a0186

ACCeL BUTLCUP TIME= 5,

cT

UaGLT4

vad1G62
0.3200
C.C1%3
00187
Aa0191
0.C176

Ce2LlTZ
G071
Le172
O,01T2
Ve ul?3
V.0 173
0aG172
GeL1mS
0.0163
Gg 2191
[IPRVE B
Ueald2
Call22
GelluT
0.CCG3
D30 79
DeGLEd
0. 0061
tie if. 50
11,0051
Go JCA9

PCWER

HP

5403,

t4tt.
7837,
7037,
TC37,
T2t
TO3T.

TL3T,
TO37T,
2T,
TI27.
TC274
To27.
7037,
Tcar,
TL37.
7337
M7,
TL3AT.
T2 7.
1737,
7C27,.
7C27.
TC37.
T3
7227,
Fo3vt.
1037,

oo
|

~J
8]



TILT RCTOR LESIGN PRCCRAM 1574

_G-15-5¢

CVERALL
GROSS WEIGHT (LB)
EMPTY WEIGHT (LA}
FUEL. WEIGRT (LB)
FAYLGAT (LB}
CRUISE SPEED (MPHI)
L/C CRUISE

*RANGE (STAT PI}
#PASSENGER SEATS

*CARGLT (LE)

ROTORS
#C]SC LCACING
RAUILS (FT)

SOLICITY
ELALE CHOKD {FT)
TGTAL ELALCES
«CT/S1C FOVER
#*PRAFILE CRAG CCEFF
2 DCwWALECALC
*EFFICIENCY FCVER
* CCHNVER
CRUISE
HEL MODE WEIGHT {LR)
AIRPLANE WEICKT {LEP)__
#TIP SPEED HOVER
* - CRLISE
WFUSELAGE CLEARNCE (FT)
_*MAX HEL MCDE ADY RATIO

[FSF)

F_INCICATES INFUT_VARIABLE .

571227,
42445,
4628
10150
36C.
12.58
5G0.
0

e

7.0
ELTDS
[ 3
2.83
16
Qa.12u
0.C10 .
4,1
UeH3 _
(ofl
1.t
T&gle.
1704,
400 .
C4Cls
Z.0
Ca4l .

DESIGN MLSEICM SPEEC
MPH
TAKECFF & LENCIAG
ACCEL. E CGAV.
_CBALRPLANE CLEIMB . 15C.s184._ .
ACCEL. FC CHUISE
W CRUISE . . . _ . 2€Ce_.
AIRPLANE CESCENT 36044292,
_CECEL. & CCMV. _
TOTAL___. S

POWERPILANT .

INST NORMAL PWR (HP)
*¥NUMBER CGF ENGINES
*EXCESS FACTUP HEL MODE
*4 RATEL EMRG HwrR -

x CONV + CLIMR
* CRLISE
INST PWR EMRG HVR (HP}
CCNVER {HP}
CRULSE {HP}
*SFC (LB/HP HR)

CRIVE SYSTEM
*EFFICIENCY
HEL MOOF WEIGHT {LB)
ATRPLANE WEIGHT (LR}

WING

AREA (SF)
#LGADING (FSF)

ASPECT RATID

SPAN {FT}

MEAN CHDKRD (FT)
¥THICKNESS/CHORD RATIO
*TAPER RATIO

SWEEP {REC)

CRULISE LLIFT COEFF

MAX LIFT CIEFF CCMVER
#MAX LIFT CCEFF CLEAN
#FLAP ARE2/WING AREA

CESIGN ITERATIONS:

_CLIMP SPLACONVER SPD

HéiGHT

CIST
FT M1

1400. a0
CV3EGL. 12.3
Gat

— . h4Ze 4
13604y, 25.5
.. L1500, 1.0,
5CU.4

... RESERVE

TIME
MIN
2.C0
0. 80
4.453
1.31

_T3a05C

6.66
1.34

_S50.44_

20.00

.. FUSELAGE
G464, *LENGTH (FT) 49€.0
2. =DIAMETER (FT) 10.0
1.50 #DRAG FACTCR L0}
140. . . _
120. FILLAT PLATE AREAS [SF)

SU. WING PRGFILE Gatdn
G404. FUSELAGF 5.43
75760 EMFEANNAGE 3.60
83404, TOTAL PROFILE 18,18
Qa4 20 AING INCUCED 3,85

CCOMPONENT WEIGHTS (LRI
Ga®7 ROTORS 1704,
BSSE, DRIVE SYSTEM 5193,
9163, PORFRPLANT 2015,
NACELLES 343,
FUEL SYSTEM 420
GOR . WING 51473,
62,y FLSELAGE 5937.
T.79 EMPENNAGE 1144,
844l LANDIMG CGPAP 1717,
1u.85 FLIGHT CONTRALS 2117,
Ge210 HYCRAUILTCS ?10.
a0 ELECTRICAL .. Lui s,
~B.3 INSTR+AVIDNICS T3,
031 AT? CONCITICNING - _ 115UGe
2.16 FURNISHINGS 250u.
1.4¢ FLUIDS — .. 2EEt.
Ua25 FLIGHT CREW 4000
_L.37 CABIN CREW R 150,
FUEL
Lid
S0.
49,
237.. .. e
5.
3225. L
41.
Al - - - B,
_37128. e
S01.

5

STEULT TECHNDOLAGY FACT(RS
=RITER

# TRANSMT SSTOA

HAFAFRAMF

*ERGINE [HP/LA])

FENGINE INSTEHLLATION

NESIGN RTESTON
*FIELD FLEVATIIN
SJUND SPEELC Fv¥R  (FPS)
*5TD GAY TEME (NFEG F
=EMERL HOYER AT (FT)
#HOT LAY TENME (CFG F)
#(T/SIG FAX
HMAK ACCRLERAGTICH (G}
=NESIGN CRUISE [MFHI
FCHUILSE 2LTIVTUCE {FT)
SOUNC SPEEL CRSE (FPS)
#MAX DECELCHATIZN (5)
*STRUCT LJAC FALCTIR
#FLIGHT CREW
#CAPIM CREW
*ATC SPEED LIMIT

tFT)

1.05
U85
Ge B
7.00
1,60

e
1117.
55a
207
<5
vel50
Ce25
340
| L A
1L5F,
Ma 20
445
Ze

1.

YES "

=
I

L



o

... O-15-%0

STAGE LEAGTH {#I.)
CRUISE ALTITUCE {FT.)
.. .CRUTSE SPEED (MFH) -
CRLISE L/C
CRUISE CISTANCE (MIa}
BLECK TINE {MING)
BLCCK FLEL {LE,}
BLCCK SPEED (MPH}
DIRECT

CFERATIMNG CCST

25
233C.

£56..

12.34

T 17.5

7.1
352.
loba

=  ANN UTILIZATICNGFRI=2GI0.

ATRFRAME CCET {$/1B)= 30.0
COC=1+E7+40L 03545 $/S5EAT-TRIP (St= Z5.,5(4.)

HOP LENGTHS

STAGE LENGTF £5a
NCo CYCLES/STAKTS 171
FLIGHT CREW Ca57C o
FUEL & CIL G.351 [
PLLL INSURBSNCE Cs459 w
TCTAL FLIGHT GPS la4lS 1
ceme. LAEBCR FIRFKEME L850 ¥
MATERIAL AIRFRAME C.255 o]
LAEOQR ENCINES Ca2l9 4]
MATERLIAL ENGINES C.523 G
MAT. BURDEN 1.120 C
TCTAL MAIATEMAANCE 2.176 1
. DEPRECIATICHN 1.213 1
TCTAL  CIRECT CPERATING LCS
$/AIRCRAFT MILE £.538 3
$/FL IGRT HOLR Slée3 8
¢/SEAT PILE Gallyuz C.
$/5BAT-TRIP 2.75

50 I1%. .
4C00. 10091. 12
PR vl T 289. .
12.36 11.11} 1
35,8 g
14,2 18.1
c£2d. &77.
Zlla 24l.

EMGINE £0ST (8/HP)= 60,0

S0 75
171 1/1
ehub 0.392
«289 D.251
»359 D316
«CY4 Qo 955
259 Ua.288
156 g.121
2176 Lel26
282 U,240
) 0,535
EGT 1.275
+L28 U.5uw3
T
L THY 3,137
Clea 155.1
158 Q.ug2?
3.79 Ga Tl

100
1/1
Ce367
L2324
C.295
(2 #6Gh
L.254
£.104%
C.1c2
L.15%
Cadbd
la00&
L.545

z.0212
126.6
C.0065
5465

100.. . 15&. _.
500. 15000, 15
35%. Co36C.
1.80 12.58 1
5354 EETES 1
23,2 22.1
B43. l198. i
257. 240.

150G, 2G60.
/1 /1
05337 0,318
Ga222  J.218
G.271 (4256
GeB3D  Ua1S2
Ge2lB ual97
d.080 J.076
Gaoll? J.064
Uell8  G.lSE
0,383 0,340
C.EE] Jo 174
0.776 " 0.733
2.48¢0 2299
696,90 H6RFZ,0
UaUaG7 D.L460
T. 66 .19

. 2LCa

300s 1

3€Lw... .

2.58
43.4
444
SE&.. .
257.

200, 409,
1/1 1/1
0o 299 0,290
La2l3 Sa2ly
Ue24l Ue234
Lo 753 LaT33
G.177 (3,167
[T U.08e2
0,052 Lel 45
g.015 (k5
Ue 297 0o 276
D.€e67 U.614
0. 690 0.668
2ol 24015 .
665,1 6550

00422  Galai3
12.0¢ 1&€.12

30C. .
5000, 15
267,
12.58 1
2434 3
57.1
229&. .3
3t5.

DEPRECTIATIGN PERIOODIYRI=IC.
INSURANCE RATE=0.040

S 400s . 500, _
GQ0e L50UGU
360 . 260ae ..
2.%8 17.5F
4304 4430 4
7T3. 8 SCat
al7t. 3728, _
32%, 33z,

LARCK RATELS/HRI= 7.00

FUEL CST (CEMTS/GAL)= 18,0

SCHL50+ 0+ U+ (=200 1LCG+zlG+ O+ O+ 0=300 200+200+ 0+ 0O+ [=30G

510, 2o,
171 2/1
0,204 Jd: 3RO
2a217 L.239
0.2z29 C.2593
wa 21 G.912
Calel 0.251
J. (55 C.100
waet'ttl veudz
C.C5E Culil
0322673 Coddé
JehR2 lLaui2y
_ 0.&55 _ £,R39
1,85¢ 2.78Q
£49,5 72045
L es3G2 0..0556
1G.58

]

LEWi e

271
0e 345
Ue223
0.269
U.337

VaZ?16

Oauéd3
el Tl
De 103
Va7l
Gatlas

0,770 .

L 2e052

65202
IPLELN

L4, 71

402,
2/1
No 326
G.210
0.25&
U.8l0

Onzqu -

G074
R
DauhR?
Ua 3342
GeT50
Q.732

2.282
6T7e2

UelrgHé |

18.2¢ -

PLi-T



O-75-5C .
CEFARTURE FATH TC 10,000 FT MSL
MAX FLSE ANGLE=20.

CESTACLE CLEAR AMGLE=E(C.

THE TOTAEL NCLISE IFPALT IS

.. TIME DIST ALT . VEL ACC
SEC FT FT FPS 4
_OBSTACLE CLEARANCE -
Jal 4e Te EPER PR TH
4.4 Te 13, 8. G,171
4o 7 12. 20C. 13. G.227
. B.4 18, ETHA 18. €.225
6.3 28. 48, 2. LelT4
TeS 44, 770 2Aa GalZ8
7.5 58, Lol 29, J.uts
ACCELERATILN AND CCKVERSIOM
97 95, 14, 3IHe QeUQU
11.0 138. 196 . 464 V116
12.4 157 241 53, (.110
. 13.5% 272. 295, . 62, C.1l07
15.2 251, 13g, TCe Gal2l
L. lbe4 443, 302, 75e Col21i
17.8 551, 426, 3. 0L118
19.2 . 6B, 413, S8 Oa1100
20459 BEl8a 519« 107a Lall$
_____ 21,% 576, 566, 117. Cull0
23.4 1154, 6l%, 126, C.106
.. 2%.u 1269, 670 136 wveil95
27.1  1&¢l. 738, l4b. U.UT75
2%s4 200%. 8lha _ 1550 Lal68
32.0 2426. Su2e 165, CaUb6L
34,6 277, 950. 175, C.C59
371 3322a 1u72. 185, §.063
35,5 3756, 11%5. 195, C.063
42,4 436T7. 1250 20G+4e CaCBHY
45,2 4578« 1347. 214, Gai54
48.2 5612. 1445. 219. 3.053
AIRPLANE ®GCE CLIMP TC 10,000 F7T
43,2 56l2. 1445, 224, JaU
£13.2 44360, LCCCC.  250. C.O

GAM
DEG

Ele O
6.0
&C.0
&d.C
6da.0
6y U

[

55 2
4644
4.8
33,0
2R.5
250 1
22.3
20.1
18,3
16.7
15. 4
14,3
13.3
12+ 5
11.7
1i.1
lu.&
Fe T
Yo 4
Y
8.8

14,3
12.¢C

C.11502D+026

NCISE #T 50u FT SICELINE= 7.1 EPACR

NGISE AT 20.CCC FT STCELINE= 54,8 EPADS

THELST
LB

606175,
6ETGR,.
6GESE .,
6G78%,
66997 .
H4 75,
62c4c€,

GLStE.
5AGET .
568437 .
55814,
56951.
BEG4E,
56849,
SF34E.
5¢42(.
51G8E.
48145,
43782,
A9R2Z,.
33ECTa
2EECTa
23655,
1€E4 1.
1816L.
17217.
1643z,
16067,

18185,
15654,

NOISE 2£,{CC FT FLCRWARL CF TAKEDFF PCINT= 52.9G

GRSTACLE

1LWGO
LB
=1s
--6'
-18.
=35,
-57.
- Hbg
-115%.

-1%1e
-350.
~5THe
—49%.
166,
868q
18al,.
2911.
4200,
5672,
1326,
5E64.
1r1a4.
1328 1.
1575¢.
1H3D4.
210274
22627,
24343a
24418,
24451,

EFNGE

"NCISE 500 FT FCRWERC CF TAKEGFF PCINT= @7.6 EPNDB

FEIGHT=1C (.

1LWGI
Le

724,

-des,
-9 78s

=10914. .

-19CA,
~iulle
-1{26.

-1234.
~1634.
~20%8,
—25E3.
-3115,
—37C50
~4375,
-2525.
=11G4.
1522,
4406,
T5¢62a
11042,
L47n4e
1874%9,
23140,
21119,
30352
32384,
31280%.
32tie.

CwGC
LB

123,
171
240.
37R.
4340
£58.
761
dhta
1032,
1234,
1447,
1518,
1598,
1454,
1448,

MAX ACCEL HCTATION PAYE=2(,

DWGE
LR

936,

B3,
824
T4l
&a?l.
6495
&3¢,

483,
3&4,
2G¢E.
265,
25&,
2€1a
277
220.
154,
l£l.
234%a
&8,
564,
B1l0.
1l1c.
tael,
L85,
2015,
2159,
2487,
1941.

OFUST ALF
LA  [CEG

1. 29.3
10, 26.4%
2Ba 2503
55. 25.3
Sle 2804
L3605 2754
18%. 2R.5

2la, 21,1
197. 3R,
151a 4to¥
1i8. B2.06
$6e 5EWl
B&‘ 5902
3%, 6l.R
101, £3.0
1264 622
162. 61.3
2499 59572
261s SR
33H. 55.4
419, 5l.5
511. 4541
614, 24,08

728, 18.8

T, B,
G3us —309
dela =308
T91. -3.7

THE  AWD
CEG CLCEG
24b6-35.4
Z2he6=-35.4
24 6— 354 4
24+6-35.4
24.6—35,4
2heB=5,4
24.6-35.4

24.6-301.7
24.6-72.C
2heb~1442
2%.6 —-A.4
Zheb —3.9
2406 -U.5
2h.b 243
24a6 405
4.6  HL.3
2.6 T.5
2het 952
24,06 Li1.3
24.8 Il.3
4.6 1241
24eb 172.6
2493€ 1325
2.6 laal

23.7 12.8

226G 1365
25.3 12.2
20.6 11.8

ACCEL PUILDUP TiNE= 5,

LLY
CEG

2844
2442
Zlat
27 .4
18.8
18.4
17.3

17.5
18,5
2Uo4
2iiad
1/,R
i7.1
15.2

LAMDA

Caliils
Gall2l
Ual202
DelZ267
Cel320
C.l367
Gal4ls

e l459
Ca.laeT
Nel&i3
.14
N.1464
e l460
D L45T
Qolali?
a1%5462
D.1659

P GalTREG

Caluhs
a.2200
0.2524
(1.2961
Ca647
tah42D
C.48T4

Le 5148-
b 045367~
80,5521~

¥y

Dawd3l
(AL ANE - 1)
Ge (134
Tl 187
0«024G
L.l2ue
Jel 374

ta{ 4R
Ja ALY
Jul: 3568
dalZna
Qel4+?
Nal69}
{elGiaf
e 2164
.237T1
He250%
Ua 2752
JedSl2
0.3G23
Ge3.eT
L2559
tlo 2547
vie 1532
0.0711
UabL44?
J«C36N
Jo 0360

cy

G4e3185
0.2215
Uolz24
JeiZ225
0.C2186
Ul 2L5
JeJEL2

. 2155
CeZl0L
Ca 2152
“a. 1G4
C.lna
0.0155
C.31G5
G G120
Geilal
CeJ17D
LeL15E
Gail43
G.C127
Cet 11l
Ve il
God T8
e lEE
C.GCkOD
LesLST
CadI58
Ja 0054

PUWER
o

B41Z.

1653,
BLEC,
BSig,
£90e,
Rale,
BG{E,

BGlt.
eGL6,
2GLE,
24 £,
R906 .
ey,
2506,
85 L,
85 €.
S7CE.
8G4¢€,
galée,
852¢.
EGle,.
a53¢6.
8BSl tg
55 ¢,
RYCE,
BSlE.
BSCE .
8906,

GL-T



e - FALT RCTGR DESIGN PRLCCRAM 1674

... .0

EMPTY WEIGHT

=R ANGE
®FASSENGER EEATS

" .0=-85-59.

VERALL . .. R
GROSS WEIGHT {LB)

(LB}
FUEL WEIGHT (L2
PAYLCAL {L2)

CRUISE SPEEL (MPH}
L/C CRLISE '
{STAT ¥#I[1

#=CalGC {1R)

RGTIRS

. *LISC LCACING

{PSF)
RADILS (FT)
SOLICTITY
ELAUE CrORO (FT)
TITAL BLARES

*CT/SIG FIVER

C*FRIFILE ORAG COEFF _

T DOaNLCAD

*EFFICIENCY FCVER

% COMVER
LRUISE

FEL MCOE WEIGRT (LR}

AIPPLANE WEICHT (LE}

*TIP SPEEC BCVER

% . CRLISE

#FUSELACE CLEAPNCE {FT})

=MAX FEL MCCE ALY RATIO

4714072,
34276.
3474,
10150.
342,

Lo 12es€

SuJd.
S5C.
D.

T.C4
33,3
Co 2lC
3448
12

Je 120
U.ClG
hat
Cuf7
L85
Do td
55910,
5é41.
444U .
4CCe.
2a0

G adely

_.% INCTICATES INPUT VARTABLE.

DESIGN MISSICH SPEEC
MPH

TAKECFF & LANCING :
ACCEL. & CChv,

_AIRPLANE CIIMB labey 180
ACCEL. TC CRLISE
CRUJISE . 342,
AIRPLANE CESCENT 14204217
CECELL & CLhv.
TOTAL

RESERVE

PLAERPLANT |

INST NCRNAL 8wk (HP)

*MUMBER OF ENMGIMES

=EXCESS FACTUP HEL ™MODE
L PATED EMRG HVR
* CCNY + CLIMS
® CrU]JSE
INST PWR FMEG HYK {HP)
LONVER LHP)
CRUISE [HP)
®SFC (LB/ARP BRI}
CRIVE SYSTEV A
*EFFICIENCY |
HEL MOTE wEIGHT [LR)
AT RPL ANE WEIGHT {LB)
WING
AREA (SF)
* |, GADING (FSFY
ASPECT RATIA
SPAN (FT)
Mt AN CHOREL (FT}
*THICKNESS CHORED RATIA

=TAPER RAT1D

SWEEP (DEC)

CRUISE LIFT (GEFF

MAX LIFT CORFF CUNVER
*MAX LIFT (IEFF CLEAN
*FLAP APEA/wING AREA
CLIMB SPO/CUONVER £pPD

HEIGRT LIST T IME
FT M1 MIN

o 2.4
1430. l.0 0.B2
13600, 100G G b4
5.2 1.13

- . 445,.,%  78.0%
136Q0. 5.3 6,87

. 14GC. - 1.0 1.22
EO0L0 Q94,68
C2g.00

e —-F

7508,

Lde3e

- T
le50
lav, |
12C.

Gila |

7508,

6045,

7351,

Js 380

F

_COMPONENT wEIGHTS. (LB}

UL.97
bas]a
680 1.

TEQ.
6£3.0
8.0
18.0
Ge 15
Cu 210
Q.70
-5.3
0.33
2016
laau .
0.25

FUEL
A
E5a
26,

171
46

2466, _
3l.
|: P

2824,

ESLa_

USELAGE. _ . ..

*LEAGTH IFT)
“OQIAMETER {FTI}
#*DRAG FACTOR

LAT PLATE AREAS (SF)
WIAG PECFEILE
FLSELAGE
EMP ENMAGE L
TCTAL PHOFILE
WING INCICED

ROTORS

ERIVE SYSTEM
POWERPLANT
NACSILES

FUEL SYSTEM
wWING

FUSEL AGE
EMREMMAGE
LANCING GEAR
FLIGHT CONTROLS
HYDRAULICS
EVECTRICAL .
INSTR+AVICNICS
ATR CONDITIGNING
FURNISHINGS
FLUTDS

FLIGHT CREW
CARIN CFEW

. DESICGK ITERATICAS:

1)
L0.0.
le OO

56 10
Set3
3.06 .
lodby
3.66 .

S64T.
E6CL.
1126,
GAhe .
257.
49582,
5“92:
91y,
1437.
21154
2E3.
T8Cy
TL3.

L 1150..

25004
24(.
400

C15n.

o

5. e - -

e STRUCT. TECHNOLOGY FACTCRS

F*ROTOR
CRTRANSMISSION
*AIRFRAME

*ENGINE (HP/LEBY S
FENGINE IASTALLATION

CESIGM *[SS[JN
*FIRLD ELEVATICN (FT)
SOUNN SPEFD HVR  (FPS)
*5TD DAY TFMF (CEG F)
HEMERG HOVER ALT (FT)
#HAT 11AY TFMF (CECG F}
#CT/S1G MAX
AMAX ACCELERATICON I5)
=NESIGH CRUISE (MPH)
#ALISE ALTITURE (FT)
SAUND SPLED CRSE (FPS),
wMAX DECELERATICN ()
#STPUCT LDAD FACTNOR
*FLIGHT CPEW
¥CARIN CREW
=ATC SPEED LIMIT

LS5
Ce81
Ce 76
10a0T
160

D.
1ti7.
59,
2GC0e
S5,
0.150
Ca23
343,
L5608,
| N1
0,20
4.5
2

lﬂ
¥c S

=
|

~J

[=a]



0=-g85=-Z2¢

STAGE LEMGTH (MI.) ... . 25, . .. 5G,. 75, LsG. _ . 150... . 2CC, AT, . AUue . B00,

CRLISE ALTITUCE {fT.) 2900, 400. 1IUCL.  12538. 15000.  1530G.  1S603.  1500%.  1SCE0.

CRUISE SPEED (MPHJ)_ . . 2S¢e _ 205a Jats . 343, 2420 2420 3426  __ 242e _  %47a . .

CRUISE L/G. il.64 11.66 11.1% 11,74 12.46 12.46 12,46 12,46 12,46

CRLISE CISTANCE (MI.) 17.5 _36.0 39.¢ 55 .8 G95.5 145.5 2645.5  345,.5 445.5 .

BLECK TIME (MiNg) el 144 3 156 ¢ 23,6 33,3 42,1 59.56 77,1 S4a.T

BLECK FLEL (LE.} 2ee, 357, 505, 630 257, 1177, 1733, 2281, 2824,

BLCCK SPEED (NMEH) Lt Z210. 237. 251 270, 285, 302 3lla 217,

DIRECT CPERATING CCS1 — ANN UTILIZAVIO(N(FR)=20LGL. DEPRECTATIIN PERICGOIYRI=14. LARCR RATE{&/HRI= 7.00
AIQFRAME CCST ($/LE)= EL.Q ENGINE COST [$/HP )z 60,0 INSLRANCE RATE=(,040  FUEL TOST {CENTS/GAL)= 18.0
DOC=1o€2+4CoC321#5L $/SEAT-TRIP (SL= Z25:45(is) '

FCP LEMNGTES 53+ESLe I+ Ut =200 LLg#ECI+ 0% 0+ G=300 0 2C0+2C+. O+ $+ C=40C

STAGE LENGTH 5. 0. 75. 100, 150, 2004 300, 40C, 530, _ . 200 300. 4004

Mo CYCLES/STARTS 1/1 1/1 L/t 1/ it i/ 1/1 171 1/1 271 271 271

FLIGHT CREw C.567  J.443 Ue354 Co372  0.345% 5,327 6,329 L4300 0.2%4 C.385 0.352 G235

FUEL % GIL Coz5E Caz21 w187 o175 ColBt  QOelod Uslbl Vo lB9 0e157 Uulfiv 0,168  G.lé4

FULL INSLRANCE U.377 . (,255 Up 262 CoZ47 Lo2% v, 218 B.296  0.1569 L.1%6 Ce?46 Ca22R D.2LE

TOTAL FLIGHT GFS 1,240 Ca559 Qo843 CaT795 Dels2 0.709 Q0.675 0,458 Oal4T Catl? Go 748 Ga 71E

LABUR AIRFRAME CeC2U 236 0.215 L2456 ¢.212 0.193 0. l74 Gulsa 0.163 1.741 We239  G.l92

MATER[ AL AIKFRAME 0.220 2.13% J.lib Cali9l JeLTE Ca0ABE Ga0BS e (55 £.053 .88 U.073 0 0.066

LABOR ENCINES C.255 Cel&5 Qo119  (,097 Ge 074 0,062 UaliB)  Ualidsd  Uaudl GaLBB (A Qa58

MATERIAL ERCIANES Ga4 il 0,225 Tault?) Ca128  G.055 D18 Levkl a3 Ja048  C.113 1,035 Cat 71

MAT, DBLRDEN l.Cb4 G635 Je513% C.4%44  0.371 U.331 Q. 2%1 0.271 0.25%  Q.az28 0.359  0.324

TOTAL FAINTENANCE 28 52¢ 1e524 1al73 1aCG4 o828  (.732 U.636  G.588 {.555 C.559  &.755 C.T11

DEPRECIATICN 1,679 GefB43  GuT49  Ca747  Q.657 Det22 0.5488 C.57G Ca583 £.7(3 O.651 Cot22

TCTAL [LIRECT CFERATING CCST

SFAIRCRAFT MILE 4 E4C 2,323 2.766 505 2,226 2.0863 1.898 1.81¢ 1.766 _ 2.474_ 2.193 2e.4S

$/FLIGHT HOUR 755.6  698,9 694,9  62P,5 B31.3  SEB.1 573.1° BE&4.9 55%.5 £23,9 567.9 SEu4 .3

$/SEAT MILE CeCSGB 0oCEH5 Cafl553 Ca0501 445 Qo413 Lol330 240363 0ould53  UeaS5 (G639 G.041C

$/SEAT-TRIP 2.42 31,32 4,15 5.21 Ge &8 B.25 11,39 14,53 17.6¢ $.99 13.16 16440

LL-T



. . O-e5-5G
CEFARTURE PATE TO 10.C00 FT WSl
MAX FLSE ANGLE=2u.

EFTHY FiiINT= (ILSTALE

CESTACLE CLEAR ANGLE=60C. OBSTACLE

HEIGHT=100G. MAX ACCEL RCTATION RATE=ZG.

TIME DIST ALT VEL ACC  GAM  THRLS] LMGU LWGL  CWGC OWGl DFUST ALP  THE AWO ALV
SEC FT FT FPS C DEG LB LB LB [85] LB LeE C&¢ C[EG CEG LEG
oo LBSTACLE CLEARANCE o . . . e —- R . . -
3.1 e Ta 3, 0.050 0.0 5C77t. -ls —5C7, 0o 172a la 2903 2446— 2504 23-
—— 4.0 7. 12, Be CG.171 6040 556C5. -5, =T2J. 3. 651, 1O. 2644 24.6-35.4 24.2
Ge 7 124 20 13, G.227 6040 5830z, -1%. -—-8C7. T. €45, 28, 2543 24.H—35.4 21.8
- S5a4 i7a 30 18s CaZ30 60,0 B5B484, «3Gs —B828s 15s  6l2e 555 2502 24eb=2%04 2u.3
643 27, 48 23a Jel?5 bF.uw SELlT. -45, =822, 24, 554, Gh, 2heb Z4.6=35.4 18,8
T.5 44 ¢ 1€, 23. L.129 65,0 54202, -73. -835. 34, 525, 135. 27.4 24.6-35.4 18,1
Ta9 58a Ida 25. UaCd4 60,0 52358, —102. -847, S0, S20. 189, 28.4 2%.6-35.4 17.2
ACCELERATEICLN ANT CCRVERSICH
9.7 96, 155, 38. C.CY0 55,3 50728. -163. -101H, 6la 399, 215: 31eC 2406—30c7 1Ta%
1la0 138, 240, 46, 0,115 46.7 45353, —29%. -1347. 67. 30l. 196, 33.0 24.6-322.1 LA.S
l2.4 157, 243, 54, Callu 34.9 497€4. -4932, -1734. TC. 244. 150, 46,5 2%+6-14.3 20.3
13.5 2713, 256 620 CaldT 33,0 5{{8zs =433 =212 66a 218, 1l6a 5206 24a6 —Hod 201
15.¢ 352. 340G TLo Gal2D0 28,06 53117, Bls, ~2565. 62. 21l Gae GBS 24.6 ~4.C 19.8
16.5 444, 333, 79. L.121 25,1 ©C153. T34. =3056. T4s 214, 23, 594l 29.6 —005 1740
17.8 5524 42Te B8a Ge 118 2284 50045, 1532. =360(y. 101, 227. Bl. 6L.7 24.6 2.2 15.2
19.2 [-3-F- 3% 475 §8, 2.110 23.1 &HBUY, . 2483, -26921. l44.. 132, S5. 62:5 24486 4.5 13,0
20. 8 820. 521. 107. Colld 18,3 4€346a 35874 =924, 202e 12Hse 11230 6221 2426 Ge3 1a 7
21.5% G72. So6. LT Ca115 16,7 42522 4847, 12%2., 2Te. 133. 153. 62,9 24,6 7.8 8.8
23.5 1163, 616. 126. Ca099 15.4 4Cl44, 6265. 36es, 365, 193, 199, 60.1 4.6 §.2 1.0
2523 14Cl, 6B0e 136s Uelbb 14e3 3€44C, 1838, 6289, 6409 3uU3e 256, 58.4 24.6 10,2 5.5
27.3 losS. T4ab. l46e DeuT7 13,3 32473, 6567, 5126, S8R, 46u. 3248, 55,5 2a.6 11.2 4.2
2%41 ZC43. B26. 15%5. CaChb 12,5 2822C. 11445, 12232. 723, 46la 4036 5103 24,6 1241 3ol
32,3 2467, G14s 165. 0.059 11,7 22F75. 13482, 155T6. £72, 904, 493, 44.8 24.6 12.8 2 i
35,4 2524. . l0u4%. 179. Oal58 1le1l 16773. 15664, 15175, 1C3e. 118G. 5%4. Ju,4 24,0 13.5 1.3
37.5 3376, 1Cf8. 18%, CeCh2 1N5 16582, L7905. 229ude 12040 145La 699 1951 2465 14U UoB
40,0 3859, 1172. 1%Y%e L.t 62 5.9 L8224, 1528%5. 25012, 12635, 1623, Thoe da3 23,6 13.7 C.2
42,6 4437, 1268. 204, 0.L54 9.5 14428, 207TA7. 27135, 1334. 1743, 798, —3.8 22.9 134 0.0
4547 Yu4bs 13666 2124 Ue(53 Sel 17941a 2(El4. 270E9. 1271 1654, T15. =3.8 2Lh.7 1246  Yeu
AIRPLANE PCLOE CUIME TC Ld.t0G FT
45,7 ECat, 13t&. 214s LuC 14.7 L1ES47. R
212.4% 42153, 10CCG. 244. CuC 12.3 13é&2:&.
THE TOTAL NCISE IMPACT IS5 weSL{U4ED+CS
__ NDISE AT 50 £7 SIDELIAE= 85.8B EPACR .
__ NGISE AT 2usl0C FT SICELINE= T4.1 EFNCE - _ . _ . _
NOISE Z5,CCC F1 FCRWARL COF TAKEDF¥ PCINT= EZ2.2 EFNOE _ _ = B e
 NGISE 5CC FT FLRRARE CF TAKEGFF PCINT= Bb.6 EFNCE _ s _
1FN900T EXECLTION TERVINATING DUE T3 ERROR CCUNT FOR ERROR NUMBER 217 . e e
Ikh2171 FI15CS - ENC CF CATA SET Ch UNIT g
TRACESACK ROLTINE  CALLED FRCM 15N REG. 14 REGe 15  REGs @  REGe 1 _
IBCCM DU SSS5EG QJICARDLS LLuntoo VLV
MAIN Vdul3Tss ¢lesTale FRLLLeln O0OBAFFA

LAMDA

La1013
Lell2l
Cel2nN2
D 1267
(J.1321
Ga L3617
Ual4l4

Ua la65%
1, 1498
0.14R%
Gulat2
Q.l4b6
Og l4o2
Telabld
we L4922
CalB65
velftd
0.17%4
G.1969

2204
042534

uediad 0

(4 IR TR PR
o bt
Ne4B872

ACCEL RUILDUP TIME=

MU

0e 0931
by JB3
0,013
Guuln?
0.0240
0, 0305
D.1374

GoL4RE
e 695
0.0%45
D.1245
Geldiaa
0, 1650
D.1926
Oe2163
Ys 23ES
U.2567
N.2748
0a25.3
Nh,a319
$o 3058
Y. PG464
0.251H4
0.1441
JeT2T

06 51%%=0a 0%l
Le533l-a 454

5.

o)

NeQ165

ve3215
D.0224
C.0225
Ceta216
0 C329
Ved2i2

Uell%6
TWilsl
0.C192
Oewlbs
{el1135
Ga G195
Ja3155
VeGl?
CaitEl
LR B 7]
0.0157
ded 143
Jedi27
GaGl1l1
Vel Gt

N.5CTR |

JeGLOG
LW2700
04 DULT
LeLSE

POWER

P

5112.
612,
6154,
Till.
7111,
TLile
Till.

Tills
7111,
7111,
Till.
T1il.
711}
7111,
7111,
711l

. Tlll.

Tlll,.
1Ll
7T1lil.
Tille
7111,
Ti1ll.
Till.
7111,
7111,
il

8L-T



TILT ROTOR DESIGN PRCGRAM 1974

5=15=-50

—— - OVERALL
GROSS WEIGHT (L8} 66551,
EMPTY WEIGHT (LB} 51121.
FUEL WEIGHT (LB) 568C.
PAYLOAD (LB} 101i5C.
CRUISE SPEED {(MPH} 291.
- L/D CRUILSE e 14.¢€3
*RANGE (STAT M1) 500.
*PASSENGER SEATS 50.
=CARGO (LB} [+ 1%

ROTORS

..— *01SC LCADING {PSF] 6.50
RADIUS (FT) 50.5
SOLIDITY 0.245
BLADE CHIRD (FT} 2,90
TOTAL PLADES 16
*CT/751G HIVER 0.120
- ¥PROFILE DRAG COEFF €.014
% DCWNLOAD S.4
*EFFICIENCY HOVER 0.83
* CONVER c.g1
CRUISE G.50
HEL MODE WEIGHY (LB} 10191.
ATRPLANE WEIGHT (L8] 9567,
*TIp SPEED HOVER 350
- CRUISE 35Q.
*FUSELAGE CLEARNCE (FT) 2.0
*MAX HEL MODE ADvV RATIO 0.4G

e * INDICATES INPUT VARIARLE

DESIGN MISSION SPEED
MFH
TAKEOFF & LANDING
ACCEL. & CONV.
_ ALRPLANE CLIMB 144,178,

ACCEL. TO CRUISE
CRUISE 291.
AIRPLANE DESCENT 291.+236.
DECEL. & CONV.

... TOTAL 3

- RESERVE

[ I .DESIGN ITERATIONS:. & ... ... . .. .- -
POWNERPLAKT . . e e e FUSELAGE et e e e ATRUCT. TECHNOLDGY EACTORS. .
INST NORMAL FWR {HP} 10562, ¥LENGTH {FT) 80.0 *ROTOR 1.C5

*NJMBER OF ENGINES . 2.. _ *DIAMETER (FT} .. _ . _ .. . 10.0. #TRANSMISSICGN . ... . 0.85

*EXCESS FACTOR FEL MODE L.65 *0ORAG FALTOR 1.00 *AIRFRAME 0-80

*3 RATED EMRG hVR 4. . - emme e - .=  ®ENGINE {HR/LBY __ . ____. T.0Q

* CCNY + CLIMB 120« FLAT PLATE AREAS (SF} %ENGINE IKSTALLATION 1.70

* . CRLISE . . 0. ... MING PROFILE __ ... . _._._ #.7T2. . e e i —
INST PWR EMRG HVR (HP) 10562, FUSELAGE 5.58 BESIGN MISS{ON

CCNVER {HP) 9340, EMPENNAGE - 5.23. *FLELC ELEVATION {FT) . Ce.

CRLISE {HP) <875, TOTAL PROFILE 23.65 SOUNB SPEED HVR {FP31 1117.

*SFC {LASHP KR) 04%20. . WING INDUCED ... .. _ . 9.91_ =*STQ DAY TEMP LCEG F1 . 55
*EMERG HOVER ALT (FT} 2CGC.

CRIVE SYSTEM ... COMPGNENT WEIGHYS. (LB) . __. . .- . *HOT DAY TEMP (CEG .F} _._. . 9%.

*EFFICIENCY G.97 ROTORS 16191 #CT/SIG MAX Ca15C
FEL MCDE WEIGHT (LB} 12932, DREVE SYSTEM 12932, . *MAX ACCELERATICN (G) La25
AVRPLANE WEIGHT {LB) 12264, POWERPLANT 2263. *DESIGN CRUISE {MPH) 28C.

: NACELLES . 517.. *CRUISE ALTITUDE (FT) 1500C.
WING FUFL SYSTEM 596. SCUND SPEEC CRSE (FPS)} 1058,
AREA (5F) 1339. WING - _ 54b65. ®*MAX DECELERATICN [G) .2C

FLOANING {PSF) 50.0 FUSELAGE aGt9. *STRUCT LOAD FACTOR 4.5
ASPECT RATIC Gak b EMPENNAGE 1339, *FLIGHT CREW 2.
SPAN (FT1 33.0 LANDING CGEAR 2008B. *CABIN CREW l.
MEAN CHCRC {FT) l14.4C FLIGHT CONTROLS . . . . 32390, . *ATC SPEED LIMIT - —-..YES

*THICKNESS/CRCRD RATIA 0.218 HYORAULICS 335,

*TAPER RATIOD 0.7C . . ELECTRICAL - _ 1253._ .. . , R
SWEEP {DEGH ~5.6 TINSTR+AVIGNICS TG3. 1
CRUISE LIFT COEFF 0-37. . AIR CONDITIGNING. 1150.. . i - ~
MAX LIFT CLOEFF CONVER 2.24 FURN ISHINGS 2500. o

*pAX LIFT COEFF CLEAN 1.40. .. FLUIDS 335, . _ _ - :

*FLAP AREA/WING AREA Ja28 FLIGHT CREW 400.

CLIMB SFD/CCAVER SPD. . . 1.51_....CABIN CREW e B0
HEICKT DIST TIME FUEL - - R — e —
FT Ml MIN LB
2.00 101. . 0
15CC. C.S 0.75 55.
13500. 12,5 4,56 278. . .. . - — . A, —— s
2.7 Q.67 43.
442.5% 9127 .. &117e . . Ll e ; R
135C0. 43.1 9.18 65.

. LECCs L.5 L.1¢ . 1l.. . - - e e

e e 200.0. 109,63 . 86694 . . -

27.00

1011. .




5~75-540

3.08

429

L1.86

26.11

STAGE LENGTH IMIL)}: . 25, 50. . 95« .. 100. . 15C. .. 2CCe.... 300... . %00. __ 500.
CRUISE ALTITUDE (FT.) 200C., 400C. loocl. 125C0. 1SQ0Cs 153¢Ce. L5030. 15600. 15CQ0.
CRUISE SPEED {MPH} Y 286. .. 303, . 259, .  2S4. .. 29). ... 2S1. .. .291e ... .291. . .. 2904 ...
CRUISE L/D ) 11.39 11.44 . 13.18 12,86 14,63 14.63 14.63 14.63 14.63
CRUISE DISTANCE {MI,) = '1B.l" . 34.5 17.0. . 58.43_ . 82,9 . 14249.....242.9._..362.9_.__442.9
BLCCK TIME (MIN.} 9.0 14.2 2i.3 6.3 37.5 47.8 B84 89.0 109.6
BLOCK FUEL (LB} 463, TiC. €28, ceg. 1438, 1910, . 2843. .3763. 4669,
BLOCK SPEED (MPH) 166, 211. 211, 228. 24¢, 251. 263, 270. 274,
DIRECT GPERATING COST = ANN UTILIZATICN(HR}=2000. CEPRECIATION PERIDD{YR)=10. LABDR RATE(S$/HR}= 7.00
ALRFRAME COST {$/LA}= 80.0 ENGINE CCST ($/HP)= 60.0 . INSURANCE RATE=0.U4D
DOC=1.B7+0.0485+45L $/SEAT-TRIP (SL= 25..5C0.)

HOP LENGTHS 50+15C+ QO+ O+ Q=200 10C+#20C+ Q+ O+ (=300 200+200+ O+ C+ 0=400
STAGE LENGTH 25. 50. 1%, 18C. . 15C. 200, . 300, 400, SU0.. ... 200, ..
AD. CYCLES/STARTS 171 171 1/1 171 171 is1L 111 1/ 171 2/1
FLIGHT CREW 0.556 0.439 {d.476 G.4C6  0.385 U.3468 . 0.351 0.343 G.338 _ G.414.
FUEL £ DIL 0.515 Q.294 0.223 t.277 0.2¢6 G.265 0.263 U.26l 0.259 0.298
HULL INSURANCE 0.547 0.431 €430 0.359  0.379 0.3262- 0.345 0.337. 0,332  (.392
TOTAL FL IGHT DPS 1.617 1,264 1.1cC1 L.CEZ 1.03% 0.956 0.963 0941 0.929 1.104
LABOR AIRFRAME 0.582 0.381 0.336 0.255 C.261 0.241 G.220  G.216 0.203 . 0.289
MATERIAL AIRFRAME 0.295 0.182 0.152 0.130 g.111 U. 160  J.089  u.0B84 0,981 Q.125
LABGR ENGINES J.332 J0.1383 C.127  C.111l  0.088 0.072 0.059  (.053 0.045  0.100
MATERTAL ENGINES 0U.587 0.217 0.232 0.185 C.140 Q.ile  Q.093 0.081 0.074 0.l64
MAT. BURDEN l.168 0,733 C.E14 Ce528 (.45l 0.407  0u363 G.341 0.328  (0.505.
TOTAL MAINTENANCE  2.984 1.755 1.471 1,249 1.C49 0.537 J.824 -0.748 0.734 1.183

. DEPRECIATIUN 1.560 1.231 . 1.228 1,139 1.08 . 1.033 _ 0.986 0,962__ 0,948 _ 1.118
TOTAL ODIRECT OPERATING COST
$/ATRCRAFT MILE 6.162 4,250 3,860 3.470 3.L60 2,965 2,770 2.671. . 2.611 3.406.
$/FLIGHT HOUR 1024,2 904.0 802.4 790.4 7S8.4 14443 728.7 720.1 T14.5 789.8

. $JSEAT MILE G.1232 0.0858 C.0T60 0.06S4 0.0622 C.05%3 0.05%4% 0.0534. 040522 0.068%
$/SEAT-TRIP 5.70 6.54 9.48 16.62 Z1.37

13,62

FUEL COST (CENTS/GAL)= 18.C .

300,..— .. 400. .
241 271
G.391 . -C.376 .
0.269 C.265
cG.374 J.362
1.035 1.693
Ga257. 0 Q0.239.
C.l08 C.068
J.079 V.067
J.126 0.1C8
Ja436 . 0.395
L.006 0.910

o la068 1.033
. 34109 | 2,947
754.7 739.1

18,65

23.57

0.0622 .0.0589 ...




---. MAX FUSE ANGLE=20. OBSTACLE CLEAR ANGLE=60. CESTALLE HEIGKT=100. MAX ACCEL ROTATION RATE=20. ACCEL BUILDUP. TIME=.

Ce $-85-50 . .
DEPARTURE PATH TO 10,000 FT MSL

TIME DIST  ALT YEL  ACC GAM  THRLST
SEC FT FT FFS G CEG Le
v, DBSTACLE CLEARANCE . ) .
3.1 4. 7. 3. 0.050 6C.0 £7534.
4.0 7. 13, Be Q170 60.0 €37£4,
4.7 12. 20. 13. 0,227 6C.0 €E€4ES5,.
5.3 17. 30. 18. 0.248 6G.0 €1557.
5.9 24, 42, 23. 0.2%C €C.0 e7730.
6.1 34, 56, 28. 0.212 80.0 €556%5.
Tk 5U. 86. 33. 0.162 &C.0 €3571.
- 7.9 58. 100, 33, 0.112 £C.0 £1213.
ACCELERAYION AND CCNVERSION
S 9.3 92, 153, 43, Q.1CE 5&46 SS277.
10. 4 129. 196, 51, D.1l%1 49.6 56781,
. 11.71 184, 245, SBe C.123 42.0 57213,
13,2 264, 301. 66. 0.1C8 36.2 £i5E3,
14,5 345, 354, T4. 0,116 31,6 50143,
15.9 446, 4CT, B3. 0,113 2E.C SEL75.
17.% 560, 463, 52. 0,108 25.1 .sBl23,
19.0 123, §25. 1Cl. 0.052 22.7 56511,
e 20 B72. 538%. 110. 0.1L8 20.T7 <2&£23.
2l.9 1034, 641, 120. 0.108 15.0 49755,
23.5 1233, TC4a 129. 0,056 17.5 45331,
25.5 150L. 782, 139, 0,077 16.3 4C261.
27.7 1817. E¢8. 148, 0.L70 15.2 219La4,
30.2 2191. 963,  158. U.064 14.3 Z26¢5C.
W 32,6 2595, 1C&0. 163, 0.063 12.4 24563,
35.0 3001. 1151. 178. Q.66 LZ.7 :(710.
37.8 3520, 1261. 187, 9.055 1Z.J 191cC.
40.7 4078, 1374, 1%7. 0.054 1l.4 18185,
43.6 @668, 1489, 204. 0.053 11.0 13i56%5.
ATRPLANE MODE CLIMB TO 1@4000 FT
e 8346 4668, 1489, 2C6. 0. l14.8 17884,
212.5 41534, 10CCG. 235. 0.0 12.4 1571C.
[]
THE TOTAL ROISE IMPACT IS 0.50535C+QS
_ NDISE AT SQ0 FT SIDELINE= 83,7 EFNCE
NOISE AT 20,000 FT SIDELINE= 52.2 EFNCB.
NDISE 25,000 FT FGRWARD OF TAKECFF FCINT= £0.3

NOISE 500 FT FCRWARD CF TAKECFF FCINT= £4.,3 EFNCE _

LWGD  _LWGI
LA LB
L ~l. =812,
—-8. .~989..
—ils —1095.
-4, —-1157.
-68. =1210.
~102. —122¢%,
—1l43. =124D.
=16Ls —12£0.
~2T64.—1439.
=416, =1855.
~153. —2403.
=1119. —26582.
~457. =3633.
257. —4351.
1369+ —5177.
2637, —-4818.
4076 =2000.
5122. 1083,
1874, 44485,
S€33. B227.
11866. 12270,
14251, 1€671.
L7C244 21431,
15853, Z2€537.
22%&t. 3153¢.
23058. 31439.
23118. 31379,
EENTB

-BHGG .
LB
U.
4e

10.

21.

34.
51a

TL. .

5%,

ila,
128.
130Q.
141.
118,
i19.
143,
t92.
2&4,
361.
481.
624
751,
GEBl.
1154,
1430,
168%.
1574.
L5C1.

CWGI ~ DFUSTY
LB LB
1641 le
44 . 1.
861L. 28.
B831. 55.
8UUs o).
149« 136,
724, 190.
711. 253,
610. . 295,
458, 29y.
416. 233,
375. las.
362. 155,
369, 134.
389. 125.
345. 128.
235, 142,
223.  te8.
300. 205.
462, 254,

791, 315,
1G15. 386,
1402, 46%.
1857, 563,
2319, ' &68,
2lab, 654,

651,

2039,

ALP
DEG

28.4
2hab
2545
25,1
25.0
25.8
26,8
27.9

29.4
34.0
42.9
5.0
53,9
57.3
60,1
62.1
6G.3
SE.7
57.0
54.7
5342
43,4
3244
15.6
~5.0
~4.8
4.6

AWD ALY
DEG DEG

THE
DEG
28.5
24 .4
21.8
20.0
18.6
l?iz

l6.2
15.4

24.6~35.4
24.6-35. 4
24 4.6~35.4
2446~35.%
24.6~35,.4
24 6~35.4%
24.6-35,4
24.6~35.4

24.0-32.3
24.6-25.0
24.6=17+ 4
24ab~11ab
24.6 7.1
24.6 —3.4
24.6 -0.5
24,6
2446 3.9
24ab
2446
2446
2446
2h.6 1
24.6
24.8
24,6
22.8
21.6

15,1
14.9
lé.5
17.2
16.2
14.9
13.4

-
—
.
ol

LAMDA .

0.1119

Gal240
0.1331
0.1416
D.1491
Gal563
C.162C
C.l68C0

G.171231%
0.1812
Cal1795
C.1767
G. 1757
0.175¢C
GalT44
C.1775
3.1676
0.2013
L2204
0.2475
0.25844
0.337¢
C.4109
0.4955

0u5404-

5e -

My e

0.0035 0.0237

0.0C96 0.C261
0.0154 G.0273
0.0212 C.C277
U.0272 Q.C278

0.0332 a.0276G...

C.0404 C.L261)
(0483 0.C252.

C.C6C2 D.LZ44
0.CBC5 0.0234

0.11C9 d.0236

0.1421 J.0239
Qe 1700 U.024u
0.1533 0.L241
Us2266 0.0241
0.2527 0.0236
Ge2751 U.0223.
0.2556 0.L208
0.3132 b.CLES
0.23252 U.Cl68
N.3254 0.C14T
0.3153 0,.8125%
Ca2638 0.0L04
Oa1420 D.(0F8
L.0483 ¢.0081

C.567T8-0.0493 U.CCT

0.5878-

0.0485 Q.C0?5

POWER
HP

5580.
EaT8,.
1408,
1963,
B2173.
853G, .
9530.
B53C.

ar2g, |
B530.
8533.
as3g.
853y,
8%3C.
8530.
BE3U.
R-FEIVNS
8530.
BE3].
3%30,
8530.
4530.
3530, .
8530,
8530. .
8530,
8534,

78-T




S—15-50 -
DEPARTURE PATH TO 10,000 FT MSL

MAX FUSE ANGLE=20. OBSTACLE GCLEAR ANGLE=60. LBSTACLE HEIGHT=}00.

TIME DisT ALT VEL ACC  GAM  TFRUST LwGD  LWGI DWGO.
SEC FT FT FPS G CEG LR LB Le LE
~.. .. OBSTACLE CLEARANCE . B . e
3.1 “a Ts 3. U+050 6C.0 71193, =l. ~1013. 1.
T 4.0 T. L3. 8. 0,171 €C.C T78252. -9. = 1234, 5.
4e 7 12. 20. 134 U227 60.0 B1690. 25, —1l366. 13,
5.3 17. 0. 18. D.248 6(.C 83L0O0. -50. =1443. 25,
5.9 24, 42. 23, 0.250 60.0 8322C4. —-B2. =1510. 41 .
- - beT 34. 5% 28, 0,211 €C.C 8LS00.. .—123. ~1526. . bl.
7.6 50, 86, 33, 0.162 £C.C 78CaC. —-172. —1545. 85.
Ta9 58. 1G0. 33, 0.113 €0.0 7T£52€9. —229. -1570. 1l13.
ACCELERATION AND CCNVERSICGN
2.3 92. 153. %3, V.1C6H 56,8 12716. -—-231, —17G4. 137.
10.4 129. 156. 5l. 0.141 45.5 £5714. ~573. -2314s 154.
DRGNP i I 4 183. 245. 58. 9.173 42.C 70258. ~—S$C6. —2997. 157.
13.1 260G, 301. 66, 0.1CB 36.2 TL17%. =1347. =372L. 170.
14.5 344. 353. F4. 0.1l 31l.6 71421, -—581. —4531. 142,
15.9 445, 4Q6. 83. 0.113 2£.0 71:5(01. 4424 —B436,. 142.
17.3 5&5a 463, 92. 0.10GB 25.1 T14B7. 1689, ~6457. 173,
19.0 723. 225, 1Ll. 0.0%2 Zz.T7 €%%81l. 31712. =59¢b. 232.
. 204 87TL. 584. 110. 0.1¢8 2C.7 &55681l. 4894, —2473. 321
2l.% 1C33. 64C. 120. 0.1(5 19.0 61263. 6E83. 1349, 439,
23.5 1231. 703, 129. 0.0%7 17.5 E579%. SCBO. 5563« 585.
25.5 1497. 78¢. 133. 2.C78 1le.3 455E5. 11%45. 10211. 7é6l.
27.6 18B1l0. B65. 14Ba 0.C71 1%.2 432222. 14252. 15207. G£5.
30.1 2182, 960. 198. 0.064 l4.3 26571. 17203, 2G6&6C. 1197.
- 32.6 2586. 1056. 1€B. J.C63 13.4 20300. 20292. 26555. 1457,
34,9 2993. 1148, 178. 0.L66 1z.7 254S7. ¢3822. 32882. 1745.
37.8 3515, 1259, 187. 2.055 12.0 23436, 27&23. 3S328. 2079.
40.6 4074. 137l. 197. 0.054 Il.4 22217. 2i742. 39205. 1936,
43.6 4678, 1487, 2CT. 0.052 10.8 21262, 27641, 35110. 1814,
AIRPLANE MODE CLIMB TO 1C.000 FT
43.4 4678. L487. 212. 0.0 14.C ZCSE6.
217.4 44020. 10C20. 241. 0.0 11.8 18434,

THE TOTAL NOISE IMPACT IS5 'Q.66S57C+05

NOISE AT 500 FT SICELINE= B4.4 EFNCE

NOISE AT 20,000 FT SIDELINE= 53.1 EFALBD
NOISE 25,0C0 FT FCRWARD OF TAKECFF FCINT= S1.2 EFNL8®

NDISE 500 FT FORWZRD OF TAKEOFF PCINT= ES.C EPNCB

MAX ACLCEL ROTATION RATE=20. ACCEL BUILDUP TIME=

DWGE
LB

1300.

1179.
1099.
1037,

998,

933, .

Fd4.
887.

760
&21.
520,
466G,
454,
463,
490.
43%.
292
2T6.
374.
579.
830.
1278,
1767,
2342,
2959,
2736.
2548,

DFUST ALP
LB DEG

. THE
CEG

AWD
DEG

25.4
26.6
25.5
25.1
25.0
25. 8
26.9
28.0

1.
10.
28.
56
92,
137.
192.
255,

284, 6-35.4
24.6—35.4
242 6=35.4
24a6-354%
24.6-3544
24-6=35.4
24.6=35.4
2446—35.4

297 .
292.
236,
192.
161,
fal.
134,
138
L55.
183.
223,
275.
338.
413.
499 .
L5986,
705.
699.
659

2545
34,0
43.0
5G.0
53.9
57.4
6.2
62,2
G.%
58.8
57.1
54,5
5G.4
4347
33,0
16.3
—5.0
-4.8
—445

24a.6-32.3
24.6—25.0
24ab-1T.4
24+6-1146
24%4H —7.0
24.5 —3.4
24at =045
2446
2448
2446
2446
244 &
24.6
Zhald
2446
24.5
24.7
22.8
21.2

o= B e O DD o U0 L -

B PO N WSRO0

g g e

ALY
DEG

28.5
2% .4
21t.4
2ua.{
ta.s
17.2
L&.2
15.4

15.2
14.9
16.7
17.2
i6.2
14.9
13.5

[

S OO CF MW R ) e

P I T T Y

OOV I WP oy

LAMDA MU

g.1119
0.1240
val3ddl
G. 1417
U.1491
0.15863
G.lazc
0.15679

C.l736
c.1811
Ga1793
L1768
L-1759
C.l747?
g.l741
G.1771
O.l1872
C.20C8
G.2197
Ga246b
Ga2821
G.3351
C.4085
4936
L3406~
C.56717-
C, 59592~

0.30135
O.uL96
0.0154%
0.0212
0.0272
€.0333
C.Q04l4
O.0484%

G.0603
0.0816
g.11¢c9
Oal422
£.1701
0.1%86
G.2268
t.2529
C.2754
G.2559
D.3136
0.3263
0.3305
J.3172
Ue2¢7%
Q.148%
0.Ca67
Gab494%
0.0691

(75

J.G238
D.0261
v.0273
0.0277
Je0278
B.G2T0
U.02€1
Ja0252

D.U244
Q.0234%
0.C22¢
G.02329
LUel240
da.C241
0.L241
C.0237
JaG224
J.02.8
0.C16840
Q.0lb68
O.CLl48
J.012%5
0.C1Ch
0,0¢98
L.0081
Qa7
U.G0T4

e

-PCWER .
HP

1197,

BEl13. .

9534,
10267,
10754.
10997. ...
LCGET.
13387,

10687. .
10687,
L0GBT.
ltugai.,
10687,
ras8?.a
10987..
1u.687,
1J987.
L{%BT.
Fou8T.
104987 .
1687,
10987,
1€%87. .
1394817,
10987, .
10%87.
10987,

T8-1



TILT RCTOR DESIGN PROGRAM 1974

$-85-50

e . OVERALL
GROSS WEIGHT {(LB)
EMPTY REIGHT (LB}
FUEL WEIGHT (L8}
PAYLOAC (LB)

CRUISE SPEED (MPH)
—— L/ CRUISE
®RANGE (STAT MI}
*PASSENGER SEATS
*CARGD (LB}
- ROTORS

L %0ISC LOADING {PSF)
RADIUS (FTI
SOLIDITY
BLADE CHGRD
TOTAL RLADES

*CT/$16 HOVER
. ¥PROFILE DRAG COEFF
T DOWNLOAD

*EFFICIENCY HOVER
* CGOGNVER
CRUISE
HEL MODE WEIGHT
e ... AIRPLANE WEIGHT
*TIP SPEED HOVER
* . CRUISE
*FUSELAGE CLEARNCE

{FT1}

(L8
(LB}

1FT)
*MAX HEL MODE ADV RATIO

54497,

40165,

4182,
L0150.
281,
14.42
500.
54,
0.

6.50
3€.5
0.245
3.51
16
0.120
C.010
5.5
.87
0.85
0.51
7281.
7137,
350.
350.
2.0
Q.40

.- ¥ INOICATES INPUT VARTABLE

DESIGN MISSION

- TAKTOFF & LANDING
ACCEL. & CONV,
 AIRPLANE CLIMB
ACCEL. TO CRUISE
CRUISE
AIRPLANE OESCENT
.DECEL. & CONV.

e TOTAL

RESERVE

SPEED
MBH

14L.,173.

F4:3 P

281.4228.

comeee— FUSELAGE e o —
HLENGTH (FT) 80.0
_#DIAMETER (FT) . .. . .. . 1040
*DRAG FACTAR 1.00
FLAT PLATE AREAS (SF)
WING PRGFILE . . . ... T.22.
FUSELAGE 5.58
EMPENNAGE e e e o 4 e 33
TATAL PRUFILE 20.T4
WING INDUCED . 9.09
. COMPONENT WEIGHTS (LB} ... . .
RATUKS T251.
ORIVE SYSTEM | 927t.
POWEKPLANT 1257.
NACELLES 122.
FUEL SYSTEM 351,
WING . — . 5113,
FUSELAGE 5599,
EMPENNAGE . .. 1036,
LANDING GEAR 1635.
. FLIGHT CCNTROLS 2537,
HYDRAULILS 02,
CELECTRICAL . _ . ._.._ .. 937.
INSTR+AVIONICS 703,
_ AIR CONDITIGKING 1150,
FURNISHINGS 2500,
_FLUIDS 2713,
FLIGHT CREW 430.
__CABIN CREW e 1504

Ba e

POWERPLANT e
INST NCRMAL FWR {HP} 8379,
#NUMPER OF ENGINES. . .. .. 24 .
*EXCESS FACTOR REL MOCE 1.65
*2 RATEC EMRG HYR e 140,
* CCNV + CLIMB 120.
» CRUISE - 90, ...
INST PWR EMRCG FVR (HPY} BzZgol.
CONVER . (HP)} 7267 -
cagylsE tHP) 8379,
*SFC (LBAHP ¥R) C.380 .
CRIVE SYSTEM
XEFFICIENCY 0.97
FEL MODE WEIGHT {LB1} 9271a..
AIRPLANE WEIGHFT (L8} 89528 .
WING
ARER [SF) 1094d.. .
*LCACING (PSF) 50.0
ASPECT RATIC Gebt . ..
SPAN [FT) 85.1
MEAN CHORC (FT) 12.81
*THICKNESS/CHORLE RATIC C.210
*TAPER RATID Ue7C
SWEEP {LCEGI -5.5
CRUTSE LIFT CCEFF C.39
MAX LIFT COEFF CONVER 2424
#MAX LIFT COEFF CLEAN 1.40
*FLAP AREA/WING AREA 0.25
CLIMB SPL/CCHAVER SPO . Ll.41.
EEIGHT orst TiME FUEL
FT Ml MIN LB
2.00 . Tl
15¢C. C.9 Q.77 4Q.
135G0. 11.8 .53 194.
23 060 27,
o 44447 . 95.3C. . 3082..
135¢0. 39,3 9.34 48.
I §-1 7 ST o N X A
U .- 143+ 1 D O W T - SR . ¥ -3 P,
- e e 2QWCC L _T13.

DESEGN ITERATIONS:

- T VY .
- eeeoe STRUCT. TECHNOLOGY. FACTORS —. ..
*ROTOR .85
®TRANSMISSICN.. __.. ... D81
*ATRFRAME 0.8
. ¥ENGINE {HP/LB) _ . 1C.06
“ENGINE INSTALLATION L.70
CESIGN MISSION
#FTELD ELEVATION {FT) - Ca
SOUND SPEED HVR (FPS) L117.
#STD DAY VEMP [CEC F) .__ 59,
#EMERG ROVER ALT {FT) 20600 .
. #HOT .DAY TEMP [CEG. F)...___. $5.
*CT/SIG MAX C.15¢
*MAX ACCELERATICN [G). Ga25
#DESIGN CRULSE [MPH) 280,
*CRUISE ALTITUDE LFT)  15CGC.
SOUND SPEED CRSE [FPS) 1G58,
*MAX DECELERATICN (G) .. ._ 642G
#STRUCT LCAD FACTOR 4.5
_#FLIGHT CREW . 24
*CABIN CREW 1.
_®ATC SPEED LIMIT _ . _  YES
;—l
o
X}




$-85-50
STAGE LENGTH (MI,.} 25.
CRUISE ALTITUDE (FT.) 2000.
CRUISE SPEED (MPH} 294.
CRUISE L/D 10.78
CRULSE DISTANCE (MI.) 18.3
BLGCK TIME (MIN.) 9.1
BLOCK. FUEL (LB.) 344.
BLOCK SPEED (MPHI 165,

DIRECT GPERATING COST

SC.
400C.
25¢.
11.37
3740
1445
517,
2€1.

5.
10G¢o1.
2E7.
1é.94
41.0
2l.0
589,
214,

1C0.
12500.
285.
12.69
55,7
1.8
130.
223,

~ ANN UTILIZATION{HR }=2(00.
AIRFRAME COST ($/LBJ= 80.0
DOC=1.59¢0.0424%5L $/SEAT-TRIP (S1= Z5.,5(0.]

ENGIN

E CCST

($/+P)= 60.0

15¢.
154008,

281, . .

14,42
94,7
38.6

1C5s.
233,

20C.
t50Cc.
Z2€1.
14,42
L44.7
4942
1410C.
244.

. 300. 430.
150u0. 15000.
.. 28la 291. .
l4.42 Ll4.42
L2447 244.7
70.6 $2.0
2105, 2191.
295, 261l

500. .
15c80.

281. . ...

L4,42
hbh T
113.3
3465,

265.

DEPRECIATION PERIOD(YRI=10. LABOR RATE{S/HRI= 7.00

INSURANCE RATE=0.040

FUEL COST {CENTS/GAL)=

HOP LENGTHS 50¢150+ 0+ 0+ (=200 1CC+20(+ Q+ O+ Q=3CC 20C+200+ 0+ Q0+ 0=400
STAGE [LENGTH . 25. 5C. 15. 140, . . 150, 200. . . 300. 400, 500« __. 200Q.
NO. CYCLES/STARTS 171 1/1 1L/1 i/1 1/1 171 /1 Lf1 L/1 271
FLIGHT CREW 0.555 Gudt2 D427 Oa4ll Q.352 Ca15 G.359% L350 0.345 Ju.t 19
FUEL & DIL 0.3482 C.288 0.21% 0.2C3 0.196 0.196 0.19% G.l54 J.193 C.21%
HULL [NSURANCE 0439 04345 . £.3238 Ce225 C.310 Ce257 0a284 Ge217 Q.273 0,323
TOVAL FLIGHT OPS L.37¢& 1.£74 C.SE4 J.G39 0,858 d.8568 0.838 CeB22 D.812 d.958
LABOR A§RFRAME 0a.545 0.26C C«21C C.281 g, 250 C.231 Q.211 G.2902 0.196 U.275
MATERTAL ATRFRAME 0.248 0.153 0.126 0.1l11 0.04% C.086 0.077 0.072 0.070 U.10s
LABDR ENGINES 2.308 d.170 Q.127 C.lG4 0.081 C.069 D.057 G.051 Q.047 0.09%
MATERTAL ENGINES D.466 G.2%52 Q.18%3 0.l48 0a112 0.0%4% 0.075 U066 .00 O.131
MAT, BURDEN l.109 J.68% Gabed G.5C1 Q.,431 0.390 0.349 Ua326G U.316 _ 0.481
TAOTAL MAINTENANCE 2.615 1.625 1.215 1,145 0.%£9 U.869 0.769 UaTlS U«6 89 L.088
.. .. DEPRECIATION 1.252 0.5%7 Qdatca 0.5248 0.384 0.847 C.810 G.791 Q.T8Q _ 0.912.
TOTAL  OQIRECT OQPERATING COST
$/ATRCRAFT MILE 5.304 3.760 2.2¢63 3.C012 2.752 24584 22410 2.332 Z2»2081 2,959 .
$/FLIGHT HOUR BT74.1 T6E.2 65 E. & 670.1 baz2,2 625.8 6léal 6U8.5 603,7 669.3
$/SEAT MILE 0.1061 0.C74C CoGE52 0.0602 Q,u550 €.0517 (0.0483 0,0466 D.0456 0.0992
8.25 14450 18.65 22.81 11.813

$/SEAT-TRIP

2,65

i 489

4 .02

10.34

300...._

271
Ca397
J3.199
C.30¢
0.9C2

D.246 .

0,992
J.075
0101
C.417
0.931

. De874

2.707 .
639.1

0D.0541 0

16,24

18,

e




TILT RCTCR CESIGN PRCCRAM 1974

QP-30~50 DESIGN ITERATIONS: &
OVERALL POWERPL ANT FUSELAGE STRULCT TECHNOLCGY FACTODRS
GRISS WEIGHT (LR} TT5364%. TUTINST NCRFEL PWRO(HPYUUTTIDSO0, T URLENAGTH {FTY T T TR DTSR ITART T T T T T ay T
EMPTY WEIGHT (LB) 385380, kNUMBER OF EMGINES 2. #*DIAMFTER (FT) 10.U H#TRANSMISSTAN .83
FUEL WEIGHT (LB) 4961 ~ MEXCESS FACTOR HEL MODE 2.00 *[DRAG FACTOR T 1.03 #ATRFRAME 0.78
PAYLOAD (LA} 10150Q, *L RATED ENRG HYR 140, =EMGINE (HPR/LBY 8.50
CRUISE SPEED {MPH) 527, % CONY + CLIMA 127. "FLAT PLATE AREAS {SF) HEMGTINE IMSTALLATIOM 1,54
L/D CRUISE 10,36 * CRUISE 0. WING PROFIIE 4abG .
*RPANGE {STAT MI} 5CCe ~ 7 INST PHR EMPG HVER {HPY 98230 FUSTLAGE T T T T 5,31 TTDESIGM MISSION - T
*PASSENGER SEATS SJ. CONY ER (HP) 10500, EMPENMAGE 2.81 HFLELD ELEVATICN (FT) Jde
ACARGN (L8] L. CRUTISE "~ "{HPl 8855, TOTAL PPROFTLE 1349 SOUND SPCED HYR  (FPSY 1117a
*SFC [LR/HP HR) HIg a5 WING IMOUCED 2.21 5T OAY TEMP (QEG F) sa,
ROTIRS : ) o - #FYEFG HOVER ALT (FT) 2000,
=CISC LOADING (PSF) 9200 DRIVE SYSTEWN CUGMPONENT WFIGHTS (LR} #HIT NAY TEHAP [DES FI 95,
PADILS (FT) - "3D.A 0 REFFICTEMCY ~ 777 "7 N,97 T RATORS T TTOUTRT A9, T RCTAS IO MAY B + T -
SOLINTTY 0.179 HEL MODE WEIGHT [LB} 8692, DRIVE SYSTEM 8692, #MAX ACCELERATIGN (G) Ua25
BLADE CHIRD (FTI 2,89 ATRPLANE WEIGHT (L8} 7548. PTOWERPL AMT T 1853, *DESIGN CRUISF [MPH) 403,
TUTAL BLADES .12 : NACELLFS Ila. #CRUISE ALTITUDRE (FT) iscoo.
#CT/S1IG HOVER 0.120 WING FUEI SYSTFM™ 79 STIUND SPEED CRS5%E (FPS1 1058,
*PRIFILE DRAG LJEFF d,01Ln AREA [ SF) Tl5. WING 4122, =MAX DECELERATIOM {(G) Ca20
2 DOKNLIAD T 4.9 L DARING (PSE) - T 79,0777 FUSELAGE T T ST33IVTTERSTRUCT LDATY FACTOR TTTTTT 4.5
SEFFICIENCY MNVER (e 85 ASPECT RaATIN Te57 EMPENNAGE 1046, *FL IGHT CREW 2.
= CCLNVER 0,83 SPAY (FT} T3.6 LANDING GEAR T 1610 *CABIN CFEW l. =
CRUTSE GaTO MEAN CHTORC (FT} .72 FILIGHT CNNTROLS 2481, *ATC SPEED LIMIT YES ‘;
FEL ®CO3E WEIGHT (LR} 67C%. *THICKNESS/CHEORD RATIO  G.213 HYDRAULTCS oo “3aMa., ’ wn
AIRPLANE WEIGHMT (LR} 6324, *TADER RATIQ 0.7C ELFCTRICAL 916,
*TIP SPECD moyER © &48Q¢ UUSWEED (DEG) T 6,3 T T UINSTRAAVEONICS T34 o [
* CPUILSE 449, CRUISE LIFT COEFF 2.26 ATR CONDITICNING 1180,
=FUSELACE CLEARNCE [FT} 2.0  MAX LIFT CDFFF CCNVER 1.76 7 FURNISHINGS T TTUU?sQQ,TTT T T T oot
*MAX FEE. MGDE A0V RATIQ Go 40 *M4AX LIFT COEFF CLEAN Loty FLUIDS 268,
: ¥FLAP AREA/WIMG AREA .25 CFLIGHT .CREW 400,
® INDICATES INPUT VBRIABLE CLIMB SPC/CONVER SPN 1,22 CABIN CRIW 150.
DESTGM MISSICN SPEER HEIGHT CIST TimMt FUEL
MPH FTY Mi MIN LR -
TAKECFF & ILANDING 28 DY 91,
ACCEL . & CINV,. 1ung, 0.8 Q.00 47,
AIRPLANE CLIMA 160.4155. 14000, 10,8 3,61 ZOR,
BCCEL T T TRUTSE T TR B 13712 1057 T T e
CRUTSE 427 443.1 62,26 3149,
ATRPLANE DESCENT 42744292, 14000, 34,7 T Hall™ T 0 41, T T T e - - T
DECELs & CLHV. : 1008, 0.8 1.10 1¢. .
TOTAL 500.0 TTe40- 3652,
RESERVE 20 00 91U,




CP-B3-5)

STAGE LENGTH (MIe!) 25a 500 15a 100, L5 Z2U0Us 300 40, Silde

CPUISE ALTITUDE (FT.) 2770 . G337 13081. 12573, 150un, 15050, 15307, 15020, 158500,

TRUTSE SPEED (MPH) 276 305, 425. LY-4- 8 427 427, 427, 427, 427,

CRUISE L /D 12. 85 12,95 TBe29 77 5.9 T ING3I6 T 10436 TTI0.36 7 10.36 13436 - B

CRUISE DISTANCE (MI.} 17.9 3%.9 1.5 53el 92,4 la2.4 24244 34244 442 4%

BLECK TIME {MIN.] 3.7 13.7 17.C 2009 2803 3563 49673 630 % TTok

BLECK FUEL [LB.3 3la. 459, ES52. BL7Ta 1176, 15386, 22584 2%53. 3648.

BLGECK SPEED (MPH) 173, 219. 255, 298. 318. 340.° 365. 379, 3R7. T 7

DIRECT IPERATING COST - AMN UTILTIZATICAN{®R}=2000. DEPRECTIATION PERIONIYRI=LIC. LABOR RETE{&/HR}= 7,00
ATRFRAME CAST (&/LEBl= Sa,.i ENGINE COST (%/HP )= &0.70 INSURANCE RATE=0.040 FUEL COST (CENTS/GALY= 18.0
DAC=1,9G0+0.02SR=5L S/SCAT«TRIP [SL= 25.,5C0.)

HOE LEMETHS 50+150+ J¢ O+ =200 1L0ZIGy O O+ Q=300 2404235+ O+ 0+ T=alay

STAGE LENGTH 25, 5Ja T5a 13, 152, 200 315. 5e. 530 200. EXLE 400,

NO. CYCLESSSTARTS 171 171 1/1 1/1 171 1/1 1/t /1 171 251 271 2ri

FLIGHT CREW Ha55T Iedy] 3. 364 L3356 .33 Ua 284 (ig 265 (74 255 Ca249 £.354 .12 Uel92

FUEL & OICL C.354% 0.259% De2%1 £.227 0.218 0.213 0+208 0,205 D.243 0,227 0o21P Qo213

HULL TKRSURANCE GaklS Ce 329 o212 Ge250 Q.226 da212 H.127 Dalon LM N1 Da.252 Ta224 2,217

TATAL FLIGRT 1PS 1.326 1.7:25 U.878 G.A13 3,757 Ja 700 Do 573 0. 650 D.637 J.332 GuT54 C.T17

LABOR A[RFRAME Ga.521 Q, 342 0.263 G228 0,192 0s172 0,152 0ala Ga136 Ga227 0. 189 0,171

MATERTAL ATRFRAME N.234 Nal44 H.178 G791 0, 2T4 N.265 A.N155 1,051 TeY48 T «RA D371 G.063 777

LABCR ENGINES 2.329 De 184 Jel2T G,102 D,N78 Q,062 Q. 049 Na.042 0.038 0.092 0.069 0.057

MATEQ AL ENGENES Ca530 Ge212 0.2158 Cal72 Gal26 0.102 0, 0O7TE 0.066 G.059 Calb2 Q.112 0.392

MAT, HAUPDEN Lelld7 L.al9 Ve T 0.429 Ca3aT [AT: 1851 0. 261 Ge 24C 0.227 D415 Do 335 0.29¢

TITAL MAINTENANCE 2. 773 1.6£58 1.223 1.021 D.B1L4 0.705 D596 Je 541 J-52%9 CaS74 D776 OaGTS

DEPRECIATICON . la 168 Q.547 U.T83 L.T721 g.6851L q.609 J.5468 Da5aT 4.535 3.T725 Jub4T {ru 671G

TIATAL CIRELT OPERATIAG  COST T o T ) ) ' o T o

E/AIRCRAFT MILE 5:2%6 3,629 248384 2.5955 20211 2,023 lo 334 1.739 la631 2.531 22177 .20 005

$/FLIGHT HOUR 517.5 T94.6 T63.6° 13448 T4 2 687.9 ~ 669.1 6598.3 6%51.2 | 723.8 37,9 &82,0

$/5EAT MILE 0s1C59 040726 020577 0.0511 00442 00405 V0367 020348 0.0326 00506 J.0435 060401

$/SEAT-TRIP 2.65 .63 4433 S5.11 4. 63 B.29°  11.710 13.91 16.81 13.12 13.06 16.04

98-1T



CP-8C-50

- "DEPARTURE PATH T 10,500 FT-MSL- — === o=

MAX FUSE ANGLE=2). OJBSTACLE CLEAR ANGLE=&0. OBSTACLE HEIGHT=1(0.

MAX ACCEL ROTATION RATE=20,

ACCEL BUILDUP TIME= 5.

NCISE S00 FT FORWARC CF TAKECFF PLINT= 9D.6 EPNGR
CNOQISE AT 29,000 FT SINELINE= 5&.7 EPMDR™

NOISE 2%,0GC FT FORWARD UF TAKEOQFF POINT= 54,5 EF

THE TOTAL NDISE IMPACY IS (.25120D+06

N8

TIME nIsT ALT VEL ACC  GAM  THRUST LWG0 LWGE OWG0 DWGI OFUST aALp  THE  AWD ALY LAMDA MU cT
SEC FT FT FPS G DEG LR L3 LB 1A iB LB DEG DEG FREG NEG
nesracae CLEARANCE
e 3.1 4 Te 3, Ga050 60.0775693107 7 =10 =T1Te 777 08792207 T 1la 2953 24a6-35:.4 28:6 009547020026 020174
4e0 Te 12, B, 0.171 60.0 6256735, -%. =869, 3. 834, L&e 265 24,6=35,4%4 24,5 D 1050 D,DOTY O, 1182
4.7 12, 20. 13. NL.227 62.0 6334%, -l4. =950, T. 781. 28, 25.4 24.6-35.4 22,2 0.1122 0.0112 0.Q209)
Ge 3 17. 30 18 Go248 60,0 &£410Ca ~28s ~12302, las 754, 55e 25,0 24,6~25,4 20,8 0.1181 $.0154 ued2ub
5.9 24 42, 23, 0.259d 60.3 6E£584. -47. -1036, 23. 122, 90, 26.9 246.6-25.4 19,6 0,1237 05,0197 20,0204
G.6 33, 54, 28. T.250 60.0 66631, =70. =1076. 4. T00. 135, 24.9 23.6~35.4 1844 0,12%2 00,0241 0.0204%
" Te2 43, Tha 33, Qe 250 67,0 6H6T1E, ~97, =111%. ~ 4B. 683,77 138. 26,9 24.6-35.4 17.3 £.1352 93,1286 0.3205
7.8 54, 94, AP, N.230 BU.0 66820, -129. —-1157. bhe  ET72. 250, 24.9 24,.6-35.4 16,2 I.14106 0.0329 00,0205
T.5 53, 1€0. 38, Cu250 600 665470 =166 —12060 R2s 4705 321a 25.0 2406-35:.4 15,1 Jo 1481 (0374 Qed205
ACCELERATIGN ANC CCAVERSTUN
8.5 73. 126, 49, 04250 SH.T 65671, =-221. -1307. 131. 6lb. 392. 24.1 2%,06-=-3%,1 13.5 08,1548 0.0+10 0.0202
9.1 T 155, 57, 00250 5447 6172336 ~353, —~1520, 1280 55ls 46%: 24.6 24,6-370a1 L1esB U lh44 J3,0409 11,019)
9.8 121. [ $:138 65, J3.295) 48,7 571C4, =528, -1820. 136, 745%, &R0, 28,9 24,6=24,1 12.1 2,.1578 J.0656 D.O1T4
10.4% 154, 215, T2, 04250 42.7 5Tad%, =774, =2260,., 137, 400, 304. 35,3 24.6~19.1 1304 0,1694 250760 00177
11.0 . 193, 246, U 04250 37.8 520C6l. —1072. —-2736, 144, 36b. 303. 40,6 249.6=13,2 13.9 G,1707 0.1081 0.0179
1lat 238. 216, B8B8s Do 250 33,8 90483, -G89, -3250, 137a 350. 252. 44.7 24,6 ~9,.2 13,7 0,1723 7.12R88 0.7181
12.2 290 . 307. Ghe L4250 375 SB557. =-33&. -3L12. 125. 347 21l4e 478 2446 -5,9 13,3 3.,1746 N 14R6 0L,018]
12.5 347. 337, 105, C.250 27.7 5959(, 432, =4435. 128, 354, 186s 90,2 24456 —242 12,1 01773 Do1682 3a71PR1
13.5 4lle 367, 114, D.25G 25.4 S5E575, 1353, -5613N. 147, 372, 171. 52.2 2%.6 ~71,8 11.1 H.1812 G.1871 D.I1#81
14.2 4GC, 401e 123, 00223 2344 56714, 2452, —-22k4, 181, 295. 1lé6. 53,7 2%,6 1,2 9,7 0.1888 0.2042 0.I17%
575, 435,  132s 02226 2107 5443F; 35924 —1805, 230s 23%¢ 1730 52,8 2406 2.9 Be#4 01942 05,2209 0.0169
15.6 817, 470, 142. 0216 2.2 5)le2%.  4%25, 4PE, P%%4e 219. 191l 5220 2446 446 Te2 02043 0.2351 0.G160°
16as4 785. S5(9. 151, 1.194 12,9 48248, 6405. 3019. 373, 253. 221ls 51.4% 24.6 5.7 5.9 02183 05,2469 0.0150
17,2 S12a 550 12le Ce l37 1707 445LLs BCZ%, 5677, 448A. 332, Z26l. 49.3 24,6 6.9 4.5 F.2342 G.2%73 0.014)
t3.1 107, 594, 173. 174 16.7 %1126. 9870. 8991, 577.7 456, 313, 46,8 24.6 T.9 3.9 0.72355 N,.2629 3.0128
19,1 1221, H47, 180, 0.154 15,8 36866, 11718, 11754, 7T0ls &28s 37be 4326 2%ab B8a8 300 0a2849 02558 1, 3115
20.2 1425, 695, 189, O.146 15,7 32PAS, 13781, 15163, 24l. B837. &%l. 38.3 24,6 9.6 2.2 N,3273 30,2473 0,3173
21.3 1637, 7484 199, 04141 1422 23017, 15938, 18774. 9%5. 1CET. 534, 30.9 24.6.10.4 1.5 0.3647 0.2162 0.3091
2244 1883 BQ3, 20%a Col&D 13:5 258840 1d34le 27016e 11&4%e 137T7e 5726 20T 24.6 11.0 0.8 0.,4150 0.1566 0,2939
23.5 21)1. 859, 219, 0.135 12.9 23360, 27840, 26662. 1348, 1732, 737, Tuo4% 24.6 11.7 0.3 (.4592 Cualé06 NIUT73
24.% 2401, 923, 228. Call18 12.% 22357, 23292, 30257%. 1537+ 1987, BS51le =-58.3 24,5 1202 Q.0 0s4300-0,0529 0,007
2682 27GTa G880 234s Dells 12,1 218285, 23446, 30703, 1486, 1914, B3T. =6Hal 23.6 1le6 Dac G,4918=1i.0535 0, 5069
AIR2PLANE MUDE CLIMPR TC 190,000 FT
26.2 2707, S88. 235. D.C 17.0 1s6lz.
163.7 3739%, 1230C. 28%. C.0 4.2 171601,
C NDTSE- AT SCO-FT—SIDECINE= 90, T EPKDR ———— -~ -
TIME .5 4.5 Te9 luss 13.5 16.5 19.5 22,5 25.5
FHNL E3.5 B%«6 B89.6 B7.0 84.4 T9.3 T¢.% &%.0 35T,.2

POWER
HE

6677
TG23.
RT42.
9293,
o721,
1N125.
12571,
11053,
11541

11845,
11799,
1115C. 7
11370a
1157 2a
11767.
1194€.
12150s
1241¢6. °
12%1¢.
1241€.
124te,
12416,
L24lé.
125316. ~
1241¢€.
12416,
1241k,
1241¢€.
12418,
12414,
1241&.

LB~T



T;LT RCTOR LESIGN PRLGRAM 1974

HOVER EXAMPLE DESIGN ITERATIONS: S
OVERALL L _ POWERPLANT L __FUSELAGE . _STRUCT TECHNOLOGY FACTORS

CROSS WEIGHT 11R) 43572,  INST NCRMAL PWR {HP) 9393, *LENGTH (FT) 8000 *RITIR ‘ 1.00

EMPTY WEIGHT (LB) 29295, *NUMBER OF ENGINES 2. %DIAMETER (FT) 10.0 =TRANSMISSION .83

FUEL WEIGHT (LB} 4127, #*EXCESS FACTOR HEL MODE 1.20  *DRAG FACTOR 1.00  =AIRFRAME 0.78

PAYLOAD (1L.B) 13150, *% RATED ENMRG HYR 140, o - *ENGINE (MP/LR} ) 8.50 E

CRUISE SPEED (MPH) 432, % CoNY + CLEMB 120, FLAT PLATE AREAS {SF) *ENGINE INSTALLATION 1.50 i

L/0 CRUISE 10.01 % CRUISE 90, WING PROFILE 3all P
*RANGE (STAT M1)7~ T 50D. T INST PWROEMRG HVR{HP) 9393, "TRUSELAGE T T T T B 317 TDESEGN MissianT T T T :
*PASSENGER SEATS 50, CONVER {(HP)} 6539, EMPENNAGE 1.87  *FIELD ELEVATION (FT) 0.

*CARGD (LRI Os CRUISE  ~(HPY 7 7749s  TOTAL PROFILE 77 77 12,44 SOUND SPEED HVR  {FPS) L117.
=5FC {LB/HP HRJ 0. 400 WING INDUCED 2.08  =5TD DAY TEMP (DEG F) 59,

" ROTDRS ’ ) o o T o U7 ®EMEAG HOVER ALT {FT) 20004
*CISC L.CADING (PSF) 12400 CRIVE SYSTEM COMFCNENT WEIGHTS (LB} ®HAT NAY TEMP (DEG F) 55,

RACIUS {FT) ST T 26,0 T REFFICIENGY. T T T 0,977 T ROTORS T T T 3R1L,., . =LT/SIG MAY ST 0.150

SOLEOITY D.122 HEL MOCE WEIGHT (LB) 3728, DRIVE SYSTEM 4688, sMAX ACCELERATICH (G} 0.25

BLADE CHGRO (FT) 2.29 AIRPLANE WEIGHT (LB} 4688, 7 POWERPLANT 1658, ®DES{GN CRUISE (MPH) 400,

TOTAL BLADES L] . . NACELLES 241, *CRUISE ALTITUDE {FT) 15000.
*CT/S16 HOVER 0120 "WING TUFUEL SYSTEM T T 34547 SOUND SPEED CRSE (FPS) 1058,
*PROFILE DRAGC COEFF 0.010 AREA [5F) 459, W1NG 3282, ®MAX DECELERATIDN (G) .20

T % DCwWMLCALD T gL, TTTELOADING UPSFY T T T TGS 0 T T RUSELAGE T T T T T TSRS T T Tk S TRUE T CAD T EALTOR T T T T Ty, T T
*EFFICIENCY HOVEP Ca A5 ASPECT RATIO 7.87 EMPENNAGE 250, HFLIGHT CREW 2
* CCNVER 0.83 5PaN {FTH ’ TTUTTTT a0ea1 T LANDING GEAR 13¢07. T #CABIN CREW 1.
CRUISE DaTéh MEAN CHORD (FT) Tet3 FLIGHT -CUNTROLS  185Ce  *ATC SPEED LIMIT YES ‘L
HEL MODE WS{GHT (LB} 381l.  *THICKNESS/CHORD RATIQ 7 0.210 777 HYNRAULICS ’ 270 ©
ATRPLANE WEIGHT (LE} 3425, *TAPER RATIO 0470 ELECTRICAL 682,
*TIP SPEED HOVER™ Yk T SWEEP (DEC) 7T 803 T T INSTR+AVIONTCS 703,
* CRUISE 550, CRUISE LIFT COEFF 0.32 AR CONDITEIONING 1150.
AFUSELAGE CLEARNCE (FT) 2,0 TMAX LIFT COEFF CONVER 1,13 777 FURNISHINGS 77 7 7777 "Egpp, T T T T T T T T e
*MAX HEL MODE ADY RATIO 0440  *MAX LIFT (COEFF CLEAN 1,40 FLUIDS 218.
o *FLAP AREA/ZWING AREA™ "7 770,29  FLIGAT CREW 777777777 %00, T T e e
% [NDICATES INPUT VARIABLE CLIMB SPD/CONVER SPD 0832 CABIN CREW 15C. ]
QESIGN MISSICN SPEED HEIGHT  CIST TIME FUEL .
MPH T EY CoMI MIN © 77 LB T T - - T B ) )

TAKEGFF € LANDING 2400 86, z

BCCEL. & CCNVY. e, T G.9 Uebd 33, 7 ToTmTomeT o o ) ) - ) :

AIRPLANE CLIMB 169.,2C9, 14100. 12.0 3.83 201. o

TTACCELe TO CRUISE ~— 77T T 1049 1.87 10%.,

CRUISE 432, 441.5 61.32 27195. e

ATRPLANE DESCENT 43250 +292. 7716100, 7773347 75,93 77 ey T -

CECEL. & CONV. 900._ LR S LY b . £ . ;

TOTAL 500.0 76.71 3267,
RESERVE 20400 8604




HOVER EXAMFLE

STAGE LENGTH {(MIe)
CRLISE ALTITUDE (FT.)
CRUTSE SPEED (MPH)
TCRLISE L/C

CRUISE DISTANCE (MI.)
BLCCK TIME (MIN,]
BLCCK FUEL (LB.}
BLOCK SPEED IMPH)

DIRECT OPERATING CGST

25 50 15 130, 150. 200. 300, 400, 530
2300 4GQA0.  10001l. 12500,  150C0. '15000. 150C¢a. 15000. 15000.
2960, 305. 440 445, 446a 4464 Gibo 4464 446,
"12.38 12.38 TBL.4ETTT T BLBS T 760427 T S.42 0 9.42 G.42 7 S5.42
17.4 35,5 27.2 45,5 9.2 139. 2 239,2 339,72 4349,2
de 7 13.7 16a ¢ 2Deb ~ 2787 344 47«8 6l.3 ° T4.7
282 . 4124 6aC1. 763, 1106, 1448, 2123. 2788, 3442,
173, 219, 261. 291. 325. 349. 3764 392, 4Dle

- ANN UTTLIZATICNIRR)=209077 DEPRECIATION PERFODIYRI=103 TLABGR™RATE(S/AR)="7,00

ATRFRAVME COST A$/LR)= 80.D E
DOC=1,71+0aC251#8L $/SEAT-TRIP {S5L= 25

HCP LEMGTHS

STAGE LENGTH . 25. 50.
Nd, CYCLES/STARTS 1/1 i/1
FLIGHT CREW 0.55% Qe442
FUEL & OIL Ca3la Q.229
FULL INSURANCE Ue221 Na254%
TOvaL FLIGHT CPS lel93 0,525
LARGR AIRFRAME G.479 Cs214
MATERIAL AIRFRAME & G.190 .117
LARJR ENGINES 0.317 CalT4h
MATERIAL FEMGIMES Je 519 C. 2080
MAT. BURCEN 1.035 0.635
TOTAL MAENTENANCE 24540 le 519
CEPRECIATICN C.931 Q.7306
TCTAL CIRECT QPERATING  COST
$/AIRCRAFT MILE 4e E6% 3« 180
$/FLIGHT BOUR 837.2 69547
$/SEAT MILE 0.0533 Q0.C636
$FSEAT=TRIP 2.33 2.148

MGINE COST {$/HP}= 60.0

15,

171
0.3a1
0223
D.2uB
Qe 7194
Ga241
[P
0.123
0.195
CadT72
lall7
Dabiih
26515
6704
0.0503
CO3LTY

ay5CGa)

10Q.
171
C.332
Oe2l2
{.190
Ca734
G.208
C.073
0.058
(.153
Ce367

Ce929

_ €£.533
Ze2lb
TE4S.S
0.0443

4,437

INSURANCE RATE=C.040

S0+150+ O+ G+ (=200 1CO+E00+ 0+ O+ 0=300 200+203+ g+ 0O+ 0=400

ettt e i ned manmim e o T A 74 A n

FUEL COST (CENTS/GAL)= 18.0

150, 200. 300, 400, 50C. 200. 300. 400,
e LY CTTTULAL T LAl LI T L2 T T2l T 24 T2
0,267  D.277 0.257 C.24T 0.241 0.349 D.306 0.285
0o 205 0s201  0al97 77'0.194 0s151 0a2lil Ue205  Ge2i1
G.171 0.159 Dela? Colh2 G.138 0.191 0.169  T.15%

T 0.673 0,637 Qo601 05827 0.57C D752 G.680 Os 645
0.173 0. 155 U.136 0,127 04121  0.207  0.171  0.154

T GLN5T T 0L051 T UeDad 0,040 0,038 0.071 T0.05777 0.05C
0.073 0.060  0.047 0. 040 0.036 0,089 D.086 0e055
0.112 ~ 0.090 7 0.069 ~0.058 L0527 0.136 0 w.292  U.u81
0.320 0.27% 0.238 0,217 C.205 J.384  0.308 0.271
0736 04635 00534  0e4B3I 7 0oa453  UaB85 DeTu2 064612
0. 495 G462 0,428 N.4ll  G,401 U555 U492  0.462
1. 904 1.734 1.563 1.477 1.424 2,162 1.874 1.T18

61942 604, 0 T TSEB.0 578,3 871.8 O 635,7 61l3.6 T599.6
0.0381 0.0347 000313 020255 D.D265 060438 0,0375 0.0344
R A 5 RS- B 9.38 T 11.8177 14.247 7 B.TTTT Lle24 13.75




HOVER

TIM
SE

g

B Y
NUISE
TIM

" FNL

T ONCISE

_..MOVER EXAMPLE _

3 100 FT ABOVE TAKEQOFF FCR 1 MIN

£ DIST AT VEL  ACC
c FT FT FPS G
.0 S 1 PR

&7 00 100,

GAM  THRUST
DEG LB
0. C.C00 9U.0 43572,
W.7€.000 9006 4357,

LB

AT 500 FT SIDELINE=102.8 EPNDB ~
E 1.5 4.5 7.5 10.5 ~13.5 16.5
9540 5% 0 55,0 93,0 550 $5.0

19.5

L LWeD

2245

i

25.5
S50 G540 95,0 95.0 '95.0

AHGT DWGO  DWGT  DFUST ALE  THE  AWO .
L8 DEG DEG DEG DEG

THE AWO ALY _LAMDA MU

_CT  POWER
Hp

3445

37.5

0.5 43.5 4645 49.5

95.0 95.0 95.0 95.0 95.0 65.0 95.0

55.5 58.5
95.0 95.0

50T FT FORWARLC "OF TAKECFF PCINT=10Z.28 EPNDE

ESEEOENTTATaRT

"NOTSE AT 20,000 FT SIDELINE= &5.8 EPNOB 777 - T - - - -
NOISE 25,CCC FT FCRWARLC OF TAKEDFF POINT= 6346 EPNDE T - T T Tt o T T
THE TOTAL NCISE IMPACT IS5 Q.774810 06 B o e .
-~ - - - - . —— - S - — -— e - ————m —— e =
i
v
e e e e e o e e et m o e e e e 2w et e e SO I et e e e e _ ~ -



HOVER EXAMPLE

DEPARTURE PATH TD 10,000 FT MSL

MAX FUSE ANGLE=20. GBSTACLE CLEAR ANGLE=60. OBSTACLE

TIME DIST  ALT VEL aAce
SEC FT FT FPS G
OBSTACLE CLEARANCE
3.1 ‘.. r. 3- UQGSU
4.0 7. 13. 8. D.171
5.C i3. 23, 13. §.160
6.2 2%, 42. 18. 0.126
7.9 47, Tha 23. C.093
Ba 5 58 100. 2% 0.057
. ACCELERATICN BNC CCNVERSION
94 5. 124. 33, 0.168
10.3 101, 147, 40. Cal75
Lla.2 135, 171, 48. 0.177
12.1 182. 194. 57, 0.178
12.5 234, 216. 6bs D.182
13.7 290. 237, 75+ Q.192
14.% 356, 255 84e Dal91
15.4 430, 281. G4, C.l138
16.3 521, 305. 10%4a. 0.171L
171 6l4. 327. 113. 0,184
18.¢ T20. 350, 121. 0.176
18.9 838, 374 1334 0al71
19.9 $Th. 400, 143, 0.158
20.9 1133, 428. 153. C.148
22.2 1330, 460G. 162, 0.126
23.5 1559, 466, 172, 0.116
25.0 1828. 535, 1B2. 0.104
26.7 2153, S80. 192. 0.C91
28.6 25722, 629« 202. 0.084
3045 252% 68La 212, CaCBO
32.5 3361. 732. 222. 0.079
34,3 3764, 782, 232. 0.082
3602 4242a 83l 242. G.CH4
38.1 4703, 881. 247. 0.083
. ATRPILANE MCOE CLIMB TC 10,0G0 FT
‘ 3s.l 47C3, 881. 247. 0.0
184.6 434C9. 1DCOC. 284. £.0

GAM
DEG

60.0
6040
60,0
60,40
&0.0
40e0

52.0
4l1a2
33,3
277
23.17
20.6
18.2
16,3
14.8
13.5
12.4
lle5
1C.7
10.0

NOISE AT 500 FT SIDELINE= 97.5 EPACH

T TIME
PRL .

1.5

4e 5

1.5

1C.5

958 G666 GELD 94,7

13.5
$3.2

16.5
90. 1

THRUST
Le

48242,
50913,
50448.
45151,
47882,
4€574,

465573,
450113,
45227,
45283,
45318,
45340,
49227,
4505k,
43824,
4217Ca
40CAR4,
37Blé.
3520€.
32450,
25241,
2695,
22813,
20357,
1E56%.,
16787
15132,
1378C.
126685,
1223z,

12063,
1214cC.

LwGO
LS

-0,
—4.
~10»
—19.
=32.
~4 7,

-85.
~170.
-183,

BS5a

445,

S02.
1461,
2122,
2867,
3757
4732,
581 2.
ESST.
8287,
G682,

1117%.
1276804
13886.
148GE,
15751
16729,
177117,
18847,
16424,

NOISE 500 FT FCRWARLC OF TAKECFF PCINT= 98,8 EPNDB

NGISE AT 20,000 FT SIDELINE= €2.1 EPNDD

NOISE 25,£C0 FT FORKARC OF TAKEQOFF PDINT= 59.9 EFNDB

THE TOTAL NCISE TMPACT

I5 0.650240+06

HEIGHT=100. MAX ACCEL ROTATIOK RATE=20.

LWG]
Le

-576.
-703.
=710.
=Tl4.
=-713.
=713

~976.
-1317.
=-1630.
—-1900.
~2160.
-24137.
—2739,
=3079.
—~229%.,
=849,
T21.
2381,
4178.
6088,
8153,
103%6.
12760,
14341,
15583,
16891,
18267,
197017,
21213,
22028,

19.5 22,5 25.5
8449 T8.7 T2.1

DWGo
LB

0.
2a
%
9.
1é.

23a .

26,
27.
21
264
35,
S4a
B3s
123.
173
233.
304.
384,
4Th.
577.
689,
810.
S42s
10G4.
1037.
10T 2.
1110.
1154,
1158.
1222,

28,5
67.2_

DWGI
LB

753,
689,
640,
601.
5T6.
551.

325.
213.
17¢.
151
l44.
145,
152.
163.

114

TG

7C.
109,
184,
291.
434,
603,

8024,

S18.
95 1.
1065,
1151.
1237.
1324,
1375,

31.5
63,2

DFUST
LB

1.
10.
28a
54.
90.

134,

133,
a9,
69.
5la
b,
48,
&3,
a9.

127a

176.

235,

3D6e

388,

481,

584 .,

699,

824,

8B4

9149,

956

996,
1043,
1091,
1117.

34,5
58.7 ..

ALP
DEG

29.3
26.5
2647
27.5
28.3
29a1

29.1
40 %
484
53,9
57.5
59,8
61.9
63.6
Bl
83.1
62.2
6049
£9.6
57.6
55,7
52.1
47e1
43.9
40.5
36.0
30.0
21.9
12.2
6,5

37,
53.

THE AWO
CEG LEG

24.6-35.4
24.6-15,4%
2446—35.4
24.6-35.4
24.6-35.4
26ab=-35.4

24ab6—2Te 4
24.6~1646
24,6 —B.1
2446 =342
2446 0.
24.6 4
24.6 6
24.6 8
24.6 G
24,6 11
24.6 12.2
24:6 13el
24,6 13.9
2446 1446
24.6 15.2
24.6 15.8
2446 l6e2
23,38 15.9%
22.9 15.9
22,1 14.9
2143 14.5
2067 1l4e2
0.1 13.8
19.8 13.7

5 42.0

9 S52.1

ACCEL BUILDUP TIME= 35,

ALV
DEG

28.8
24%.8
23.5
22.5
21.9
21.2

2143
25.7
2B.5
2845
27.3
25.3
23.0
2047
1749
15,2
12.7
lus 6
8.7
Tel
5.5
4.3
3.2
2ot
1.9
le4
1.0
Qe &
0.3
0.2

LAMDA

0.0785
0.0856
U, 892
0.091¢6
D.0940
0.0967

0. 0988
C.1000
G.C994%
Ua 0592
0.0990
0.0988
G.0989
00,0991
0s1016
U.1054
g.1107
0. 1170
G.1254%
O.1358
N.150%
0.1685
0.1930
0.2160
0.2376

G.2635°

0.2937
Ce3243
0.3551
0.3688

MU

0.0018
0.0050
0.0C83
0.0117
0.0154
G.0193

00245
2.0380
0.0529
0.0673
0.0817
0.0961
0.1104
Q.1248
0.1379
0.1505
Delo24
0.1738
0.1B42
0s1935
0.1598
0.2032
0e 2001
0.1965
0.1932
0.1824
0.1607
0.1292
0.0779
0.0432

T

0.0118
0.C130
0.0129
0.0126
0.0123
0.2119

De0117
0.0L116
G.0114
0.0116
0.3117
0.0117
0.C147
0.C116
0.,3113
C.310%
0.0104%
0.00%8
2.0051

0.0084%

0.0C76
0.3068
00059
0.3053

0.0048

D.3044
0.0C4d
0.0036
0.2033
0.0032

POWER
HP

6422,
7524,
TT43.
7743,
TT43,
1743,

1743,
T743.
T743,
T743.
T143.
7743,

T143. .

TT43.
T143,
T143,.
TT743,
7743,
743,
T143,
T743.
TT4l.
TT43,.
1743,
TT43.
1743,
TT43.
TT42,.
TT43.
1743,

16-T



aAppendix 2 '

Departure Noise Maps for

Basic Variation Aircraft



C-A0-50
NNISE FOOTPRINT

!N-EPNDB-

FLIGHT DIRECTION IS COWN THE

PAGE. 125 FT GRID.

..Bl. 81, BI.

8l. 8l1.

81, Bl. 8l. &l. El, %1, 80, 8). 8. 83, B8O, 80. T9. 79. 9, 79, 19, 79, 78, 78, 718,
8l. 8l. 8l. B&1. B8l. &l. #1. Bl, Bl, 80. 8., 83, B0. B3}. 8J. 7T9. 19, 179. 79. 79. 78, 178, -
82, 82, 82, 81, Bl. 8l. 81, Bl. 8l, 8l. Bl, 80, 80, Bd., B8), 80, 79. T9. T9. 79.. 73.. 78,

—82._ B2,

82.

82.

82, 82. B2, L,

B2, T g2,

82. 82, 82. 62, 92. B2, 82,

Tel. 8.

81, 81. 8l.

8d. 80. 80.

80,

80.

T%. 79.

81, 61, Bl. Bl. 81,

80,

RO,

80,

80, BO. T9, 79,

9.

19, .

83. 83,

_B4, B3,

83.

63,

“ea, g2, 82,

83. 83.

83. B3, 83, 83, 83, 82,

A4, B4, 84,

B85, _B5. B85,

B&. B6&.

_B8. 87. 87

84,

85, 85,

84. 83, €3, 83, 83,

84,

LER

84, B4, B4, 83,

el

. Sé;i

8z, 82, 81, 81,

81,

80.

80. 80. 80. 79.

T,

80,

30, 80. 80, 84,

T

82. B2. B2. 8B2.

82, 82, 8l.

Bla

19.

Bl.

B81l.

803, 89. HAO. 80,

-0 .

Bl,

8l.

A1,

Rl, A0, 80, 89,

Bo.

5. B9.

90, 90.__ 90.

8. 8R., B?, BT, B4. B6.

85, 94, B4, 83. 83,

83,

B2,

82.

86. B6. 86, B5. 85. &5, 84, B84, 83, 83, 83, a3, 8z, Bz, B82. 8i. B81l. 8l. 8l. B80. B0. B80. by
- e — _— e ——— : b=t

87, B7. B6s B&a 86, H5. B5. B4, B4, B3, B3I, B83. 82. B2, 82. Bl, 8. 81, _8l, B0, B0,

88. 88. 88. 87. B7. €6, 86, B85, 85, A4, B4, 83, 83. 83, B2, 8z. B2. 8l, Bl. &1, al, 8o,

BOa

91, 91. 9i. 90. 90, 93. 89, es. 88, @87, ‘86, #a. 85, 84, 84. 83. 83, 82. A2, 82. 8l. B1. 8L, 3l.
92, 92, qz: 92, *Q;:MW;;:_M;;. 89.7 Q;:%iﬁgl ‘87. g&? ;;:_J;;:__aq. 83, 83, A3, 82, 82, A2, 41, 31.74;14
: 94:  94. 9507930 TT9EITe3L oI 0. 89. 89. 8. 8. B6. 85. B85, B4, B83. 83. 3. 83, B2, 81. A1, 8.
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99. 97. 56. S5. 93. 92. 9l.

90. 89, 88. 87. 86. 85, 8%, 83, 83. 83, 82,
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0. 0. 0. G. 100. '?a." ST. 55. 94. 93. 9%, 9D. "9, 88, 87. B6, B85. 84. 83, 83, 83, AP. R2. ALl.
Y 0. 0. 0., 0. 101. l99. .93. -qe. 55. 93, qz; ;l. 89, 88, BT.-"BE. .;5. 84, 34.7733. 83, B2, az: 82,
0. 0. D. 0. 102. 100." 98. S6. S%5. 93. 92. 9i. 90. 89, B7. B6. B5. B4, B4, B3. 83. 82, Az, 82.
o 0 D. 0n 107, 100s 8. 7. 95e_ 9% 92 s 90s 89, 88 BT. 85. G5, 84 83, §1. 52, 2. 8L
. 0. 0. 0. 102. 100. 98. 97. 95. 54, 92. ©9l. 90. 89. 88. é?lmgﬁg:LWE?T_WEZ%"_ES:“HEjI_ s2, 8z. 82.
0. 0. 0. ;: 151;-160. 98. 96.7 95.7 9;. 9;j—‘;I:_m;;;mmé;:_:aargia?. B6s 85, B4, 83 a;: 52./ 82, A2.
0. 0. 0. 0. 1Ol. 99. 9B, “©6. '95. 93. 92. 9l1. 90. B89, 88. B86. 85. B84, B84. 83, B3. 82, 82, 82, o
(03, 163 102, 101 100. 9. STe She 94w 53 52. 1. 80s 88, ST, 86, 5. Me. B6s_53. 3. 82. 02 82s
102. 102. 10l. 100. 99, 98. g6. 7"95".'7”94." ¢1. 92, 90. 89, TBB. B7. 86, B5. B4, B4. 83. 83, 82, 83, 82, T
Ol 100v100. 5% 8. 57, %6e S5, 53, 5% 51 S0e 69 B0 67, B 8. e. see 0. 83 52 B 82
99, 99, 99. 98. 97. 96. ©5. S4. €3. 92. 9t. 90. 89. B8. 87. 86, 85, 84, B3, 83, 830 B82. 82, 82, 3
s5. 55 90, 9. 30s. 95 G S3n. 92 Ols G0 9. S8 81 86e 3. 54 86r 33 g 83. 2. o2 8le
87.7 97, 97, S&. 95. 95. 9h, 837 92, 51 7 90.7 89. 8m. B7. 86. 685, B84. B4, B3. A3, 82. 82, AZ, 4&1.
T e ae 5. 95, 5. Sar 53 Sts. b 90 89 B8. §7. 8. S6. 3 Se. 83. 3 83. 02, 82 83. Sle
95. 95. 95, Q4. 94. 93, 92. S1. S0. SO. B9, B8. B7. 86. BS5. 84. 84, B3, 83, 83, 82, @2, a2. a&l.
be. 5. 9. 93, 93, 9. OLs Sl 90, E9. 69 87+ b B6e Bbe 8e 84s 83, 8. 02. 2. 82 8le sle________
TTTTTR3T 937 93l €3, ¢3. 61, §1. G90. B89. E8. 68. 87. 86. B4. 65. B4, 83, B3, B3, 82, 82, 82, Al. AL,

%2, 92, 92, 92. 91. 91. 90. €9, 88, 88, 87. BH. @85, B85, B4, B4, 83, 83, 82, 82, B2, Bl. Bl. Al,

81, 91. 01. §1.7790.7 90, Ba. T ®S, T88.” 87. 86, 86. 8S. @s. B4. B3, 83, B3, B82. 82. 82. B8l. 8L, 8l.

90. 90. 90. %0. 90. B89. 89, 85, B87. 87. 86. B85. B5. B4. B4, B3, 93, Az, 482, 82, Al. Bl, 9l. @l.

90. 90. 90. 89, B§%. B8. 88. &7. 87. B&. #5. 85. B84, B4, 830 83,7 7’33, ‘sz, 8z, A1. 81. Al. 9l. a0,

A%. B9, #9. B89, BA, BR. BT. BT, B6. Ab, _BS. R4. S4. 83, 83, My, A2, A2, A2, A1, Al. 8i, 93, A,




89, 88, 88. B86. 88, 87. 87. 85, 86, 85, B5. B84, B4, B3, a3z, 82, 8z, 82, 8l. 941. 8t. @81. 83, RO,

_bs, BB, 88, 87, 87, &7, 86, BR6&. 85, B5, B4, B84, BI. 83, A2. BZ. g2, 8l., 81, 91, Bl. B8J. Bl. 820,

g7. 87. 87. B7. 87. B&6. B&. 85, &5, B4, 84. 83, 83, B83. B2. B82. 82. Bl. 8l. 8l. a0. BJ. 83. 80.

87, B87. 87, Bb. Bb6, BH. BS5. 85, 84, B4, H4, 8”3, 83, 82, 82, B2, 8}, O, B1. 81, B0, AF, AO, Q0.

86. B6. #86. 86, Bb. 85, B5. 84. B4. B4, B3. 83. 82, 82. 82, 8l. Al. 81, 8i. 80. B80. 82, B0, T9.

86, 86, B6. B6. BS, 85, B4, B4, 84, &3, 8”8, B2, B2, 82, 81, Bl. @61. &1, A0, &0. B3. B8O0. 773, 79,

‘85, 85. B85. 85, B85, B84, B4. B4. 83, 63, B3, 82, 82, Bl. 6§i. 8l. 8l. 80. B0, 80, 80. 79. 79. T9.
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£te
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NOISE FONTPRINT IN EPNNDB. FLIGHT DIRECTION IS DOWN THE PAGE. 125 FT GRID.
(T6s The The Tb, Tb., T6. _T6. T5a_ T95s_ 75, T54 T5. T5¢ T5a T5. The The The Th, T3. T3. T3. T3, 12,
Toe 76, 76, T6. Tb. Tés T6s 16e Tba Tée T5. 75, T15. 75, 15, 15, The Téa Tha The 3. 73. 73. 73.
B & 77, : f7., Ta. T6, To. 7;. ._-'-1-6. -';6-_“76- 76:—7ﬁ.—-_7_5.-_;';.—-;5. TS:—M;5, I5. T4 The Tha Tha T3, T3,
TT. 7. T7. 77, 77, 17, 1?. 16. Té. Tb., Tbs The Tb. 16e T5e T35« 5« 15+ T8« The The Tée The T3 -
__¥8. 78, T8. 1. 1. I7. 7;:7 r; 77: ﬁ 7;: “7_6-. T6s T6e THs The T5.  75. 5. T5. T5. Thae The Tho T4,
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... B2, B2, B2. B8l. 8l. 81, 8l., £0, A0, 79. 79, 79, TBs 78B. TBe T7s Tle_ T7. The Té. T6. 5. 5. T5.
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B4, B4, 83, 83. 83. 82, —aze—z 81._- 81.' ao — 8-{::9. 79. 18. 78, 73.ﬁi;'r._(;?._ﬁn.__n.___?_é. :_7_5_ -
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0. 0. 0.7 0. 9391 90086, 8. BT TB6. 85. B4. B3. 82. Bl. B80. 79. 79, T8, TR, 7. 7. 11,
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91. 9L. 9i. 91. 90. Be., 88, B87. B6. £5. B4, B4, AI. 82. 81, 80. 80. 79, T8, 78. T8. TT. TT. 76.

90. 90. 50. 90. 89, B8, 87. 87, 8B&. 85, B4, 83, B2, B2, Bl. B0 79, ¥9. TB. 78. T8. T?. 77, 76,
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83. 83. 43, 83, B3, 82. BR2. £l. 8l. El. B0, 80. 79. To. 78, 78, TT. FT. 7T, 76, Te.. 5. 5. 75,

A%. A3, 83, A2, #». PRP. At. A}, A1. AN, AN. T9. TFO. 70, T8, 7. 7. T, PTh. TE. Te. 75, 75, 5,
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8z, ._s_‘_z. 82, 81, 81, Bl, B0, B0, B0, 79, 79, 79, 79, T8a. TTse T7s Ths Tbe The I5, T5. TS, 15, Th.
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.65, 65, 65¢ 65 65. 65. 65, 65, 0. 0u 0. 0. 0. 0s Q. 0. 0, G. 0D, 0. 0. D, Q. 3,

6B, &8. 6B, 68, 68. &5. 65, 65. 6% 65, 65.. 0. 0o 0s 0. 0. 2.  ©Cs 0. 0. 0. 0. u. 0.

70, 70, 70, T0. 70. 68, 68. 6B, EB. 65, 65, 65. 65,  Os  Oe 0y 0u  Ou Qe 0. Gu  Oa 0. 0.
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O T3« T3, T3. T2, TZ. T2. T2. 1. T0s_ 0. 0. 68, 68, 65, &5, 65, 0e 0. 0s Qs 0, 0. 2, 0,

73. 3. 73. 73. 73. 13. T3. 712. 72. 12. "7o. 0. 6A. 6B. 65. 65, 65. D. 0. Ds 0. Q. 0. O T
T4, Th, Th. The The T3, T3. T3, T3, T3, T2. T). TU. TD. 68, 65, 65, 65, O 0, Do (e D, Dy H

7S. T5. 75, T4e Tha The 14r”i4.' 73, 73, T3. 72, T2. 713. T0. 6B. 65. 65. 65. O+ 0O. 0. O« O

T6.  T6. T6. T5. T5. 15, 15. 14, 14s  The T3._ T3. 13, T2 70. 70. 68. 65. 65. 65. b. 0. G. O,

2
T6. T6. 76. Tb. T6. The Thae 15. 7T5. The Tés 13, 73, 13. T2. 7T0. 7T0. 6B8. 65. 65. Da 0. 0. D T

7. V7. T. 71, 7. T6, Tés 6. 15, 15, 15, 74, 73, T3, 73, 72, 79, 7T0. 68, 65, 65. 3. Q. 0.

78, 78, T8. T8. T8. T?. TTe 17« 16. Tbe T5. 15. Ths T3, 13. T3. 72. 7T0. 68. &8, 65. 65+ 0. 0Oa

719. 79. 79s 79« 78. 7TBs 7HBe 77« T7s Tbe T6a. 75, T54 T4s 73. 73, T3, 7T2. 70, 68. 65, &5, [ Q.

‘so. 80. 80. B80. 79. 79. 7a. 8. 17. 17. 6. T&. 15. 15. 14. 3. T3, 73. Ti. 70. 6B. 65. 65. O,

81. #1. 81, 81, 80. 80, 79, 75, 78, 78, ¥7. T6. T6. T%. 15, 4. I3. 73. T2. TO. 68, 65, 65, 0, z
's2.  sz2. 8Z. 82. Bl. 'Bl. 80. 80, 79. 78, 78, T1. Te. Tb. T5, T4, T4, 773, 13, Tl. &9, &8, 65, &5, z
_____ B3. B82. Bl., 8l. B0, 75. 0. 0, 80, 79, T8, 77, 7TT. The 5. 75, T4, ¥3. T3, T2. 70, 68. 65. &5. z

"84, 84. 83. 83, 92, €@1. 7T6. 0. B80. B0. 79. 78. 7. T16. V6. 15. 15. 7Ta4. T3. 7T3. 71T0. 68. 65, 65,

B6,  86. B5. B85, B3, 82. - #Bl. T5. 4Al. BI., V9., T9. 78. T7. 16. 5. T5+ Thae Tha T3, T2. 69. 68. 65.

B8, 87. B8T. 86. B5. 83. 82. B0. Ble” 8l. BO. 19, T8, V7. The T8, F5. T4. T Tae 3. T2, T0. 68 65.

c. Os 0. G. B86. 85. 83, 82, 82, Bl. B0. 79, 78, T8, TT. T6. TS5, 7T5. T4, T4, T3, TO. 68, 69,



0. ‘0. ¢. 86. ‘85, 83. €2, 8?2, &I. 80. -79. 78. 7TH. PF. 6. TR. T5. T4, T4, 70. . 68, 65,
Cu - O+ 0. « 0. BT, ‘a4, 84, 82. 82, €. 80. 8d, T8, 98 FF. T, ISST6, 14, T4. 73, T0.  68. 65. )
0. 0. 0. 0. 8B, 87. 85. B3. 83, ez.i 51._ AD.  79. 'ra n._ 7. 75 '75: 7;.. 4. 73.7 72._ &8, 65, ]
0. 0. 0., 0. B89. 87, 85. B4. B3I, 82. Bl. 80, 79. TBa i7. Ti. T6. T8. Th. Té. T3, 72. 68. 65,
] 0. o: - ;. ] 0. 739. s?.“ Bb:_";j_--ﬁ_;.—_fzé:— 81, 8. 79. 778._ﬁ‘.’78._ TT. The 5. Th, 7;. 73, 7727. 68. 765. ]
0. 0. "d. 0. 89. el 8e. eal 83, "e2. ‘si.” 80. 79, T8. 7B. T7. 6. 75. T4 Ta. 13, 72, ea. b5,
O Oe_0s 0 88, 87, 85. ses 83, 82. Bl B0s_ 19 8. T7. 17 6. 15, The The T3 T. 6B .
0. 0. 0. 0. 88. 86. BS. €4, 83 82.BILST80.T79. T8. TT. Tt. T6. 1S5. Ta, T4, 3. 72. 68. 85.
90. 9Q. 89, 8B. BT. B8b. 84. e;wa-';;‘.m_az._ B;.- a;;. _?;:*73. 7. 71. 76, 75 7414 Ta. T1l. &8, 65._ -
89. #8. 88, 87. 86. 85. B4 Bl., B2, Bl. B8l. B80. T9. T8. T7. T6. The 75, Ths T4, T3, T1. 68, 5.
L 87. 87, 87. 6. 85. 85. 82, 15, £2e Bl 80 19 19. 18 TTs_ T6e T5. T5. The Tie 13. 6he 68e 65.
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